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PREFACE 

This book deals with clinical electrocardiography and phonocardiography, 
radiography of the heart is by itself such a specialized subject that it would be 
inappropriate to regard it as falling within the scope of instrumental recording 
of the heart's movements suggested by the title, cardiography 

During the second World War A Student's Handbook of Chmcal Electrocardto- 
graph} was allowed to go out of print, and the present manual is to replace it 
More cardiograms have been added* including those taken by chest leads The 
recognition of .idded heart sounds and the more precise interpretationof murmurs 
have each been aided so matenaliy by sound records that a part dealing with 
phonocardiography has been introduced 
Like the previous book, the purpose of the present one is the same, namelj, 
to help the student preparing for a qualifying or higher examination in medicine, 
and especially to assist hospital medical officers called upon to report on 
occasional cardiograms , it should also guide medical pnctuioners to understand 
the findings communicated to them m patients sent for an examination of the 
heart 

Experimenral details have been omitted except where they have been necessary 
to explain or emphasize certain clinical findings 
A particular feature of the older book has been preserved m the standard 
form of the legend which describes each electrocardiogram , adherence to this 
plan facilitates the correct interpretation of any tracing 
I wish to acknowledge my great indebtedness to Sir John Parkinson, Physician 
to the Cardiac Department of the London Hospital, for it is to him I owe my 
early training m cardiology, m later years, too, I hive continued to benefit 
from his advice in the dimcal and graphic interpretation of heart disease 
Mr William Dicks, Chief Technician to the Department, has collabonted 
in producing most of the records shown here 


London, Janttary, 1948 


VV'iLLMVi Evans 



PART I 

ELECTROCARDIOGRAPHY 

liNTRODUCTORY 

Elcctrocardjography provides a valuable aid in the recognition of many 
cardiovascular disorders, especially coronary disease, conducting bundle branch 
injury, pericardial disease, and m the interpretation of an obscure arrhvlhmij 
The electrocardiogram should never be used by itself to decide diagnosis or 
prognosis, and any abnormality it may show i$ to be examined alongside the 
clinical findings Several types of electrocardiographs arc now m use thej 
arc described fully in the instruction booklets issued by the firms which supply 
the respective instruments, and the technique of recording eJectrocardiosrams 
IS best acquired from a study of these manuals 

TTic cardiographlc leads, — ^Tlie two electrodes taking off the electric current 
consequent on cardiac action may be placed at different points of tbe body 
Convention has acknowledged the value of three limb leads, but agreement on 
the best chest leads to use is not yet universal Many such leads ire employed 
m research, but only a small number have so far proved their worth m clinical 
cardiology, and three (Table I and Fig 1) are used here, namely CRi CR, 
(or IVR) and CRj In the abbrsviited designation of chest leads the letter C 


TABLE I 

Showing the position of the electrodes in the hmb and the three chest Icids 
described m this book 




Position of efectrodLS 

of feads 

Indifferent electrode 

Exphrjns; electrode 

Limb 

I 

Right arm 

Left arm 


11 

Right arm 

Left leg 


in 

Left arm 

Left leg 

Right pettonl 

CRi 

Right arm 1 

At right border of sternum 
in fourth mtercostalspjce 

Apicil 

t CRi ' 

Right arm 

Outer side of apex beat 

f IVR j 

Right arm 

1 Outer side of dispbced 
apex beat 

Posterior axilhry 

CR, 

Right arm 

1 

Left posterior axillary line 
at level of ipex bc.ii 
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stands for chest, R for right arm to which is attached the indifferent electrode, 
and the sub-numerals indicate the station for the exploring electrode ; station 1 
is at the right border of the sternum in the fourth intercostal space (CRj) ; 
station 2 is in the same space at the left sternal border (CRj) ; station 3 is in the 
fifth intercostal space midway between the left sternal border and the mammary 
line (CRg) ; station 4 is at the apex beat in the left mammary line (CRj) ; stations 
5, 6 and 7 are in the anterior, middle, and posterior axilla respectively (CRj, 
CRc and CR^). In lead IVR the indifferent electrode is on the right arm and 



described in this book. 

the exploring electrode over the apex beat whether in its normal position (CR^) 
or displaced outwards from enlargement of the heart (IVR). 

The chest lead CR^ should be used whenever failure of the right heart is in 
doubt, for demonstrating auricular activity, and in infarction of the septum ; 
lead CR 4 or IVR helps in the diagnosis of anterior cardiac infarction, and CR 7 
assists in the differential diagnosis of the cardiographic changes in hypertension, 
posterior cardiac infarction, and right heart preponderance. 

The usefulness of vector or unipolar leads is being tested, and they are not 
mentioned again in this book. In my experience the V leads are not superior to 



lNTRODUCrOR\ 


3 

CR leads in clinical diagnosis CF leads are less useful than CR leads because 
inversion of the T wave in CF„ CF, and CFy is so common in health 

HOW TO READ AN ELECTROCARDIOGRAM 

Assuming that the tracing has been recorded it is necessary to consider its 
interpretation The written w-aves have been contentionally designated 
P, Q R, S, T and U, and they represent the electrical changes taking place dunn? 
the progress of cardiac contraction The P vsave represents the electrical Force 
produced by activation of the auricular muscle The QRS and T waves represent 
the electrical force generated when the ventricular muscle contracts and relaxes 
The U wave is less well understood, but it probably represents some sort of 
readjustment of the electrical potential within the ventricle The individual 
components of the QRS complex vary m number from subject to subject and from 
lead to lead The earliest QRS deQection which hes above the isoelectric level 
should be labelled R Any downward deflection which precede^ R so defined, 
should be labelled Q The first downward deflection following R should be 
labelled S The first upward deflection which may follow S should be labelled 
R and if any downward deflection follows RT it js designated S The term 
' diphasic T wave is applied to a double deflection of the T, one on each side 
of the isoelectric level , if the first deflection lies below the level the diphasic T 
IS of the minus plus (T^) type or if the reverse applies it is of the plus minus (i) 
type 

In the actual reading of the cardiogram attention should be paid m each lead 
to some SIX particulars, and a methodical analysis of these will show how the 
record diflers from the normal, supplying a diagnosis of the condition The 
following arc the six enten land each in turn should receive separate consideration 

1 The rate 

2 The rhythm 

3 The length of the P-R period 

4 The direction of the Electrical Axis 

5 The direction amplitude and form of the P wave, QRS complex and the 
T wave 

6 The form of the R-T segment 

Thus, whenever an electrocardiogram, in which the leads have been suitably 
designated, is placed before a student at his examination he should proceed 
immediately to describe the tracing m accordance wuh the scheme adopted here 
He should then summarize the positive findings and pronounce the diagnosis 

The importance of adhering to this methodical analysis of theeiectroeardiogram 
is emphasized throuchout ifie book because the legend appended to each tracing 
is described m the same standard way 

Before examining the normal or physiologieil electrocardiogram it is necessary 
to allude briefly to the way in which the rate is dclermincd, and to describe 
electrical axis deviation at greater length 

IIow to determine the rate— In order to calculate the duration of any phase 
of the cardiac cycle depicted m the cardiosnm, n is necessary to adopt some 
means of cstimaimg the speed of the travelling photographic plate or film 
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Different devices are used for this purpose. A small motor, controlled by a 
vibrating tuning fork and driving a rotary wheel which carries a spoke, is in 
common use. As the wheel rotates the spoke interrupts the beam of light so that 
the record shows a series of lines at regular intervals. It is usual for such intervals 
to measure second, and four thinner spokes may be arranged to provide 
intervals of .tV second. Such a device ensures that, although the speed of 
the film may vary, the rate is shown (Fig. 2). 



Fig. 2. — Design of the time-marker when the film travels at clifTerent speeds. The speed of the 
film is moderate in (A), rapid in (B), and slow in (C). 

TABLE II 


Showing heart rate per minute calculated from the number of spaces second) 

separating each heart beat. 


Number of spaces 
second) 

separating beats 

Calculated 
rate per 
minute 

Number of spaces 
(i second) 
separating beats 

Calculated 
rate per 
minute 

1 

300 

6.5 

46 

1.5 

200 

7 

43 

, 2 

150 

7.5 

40 

2.5 

120 

8 

37 

3 

100 

8.5 

35 

3.5 

85 

9 

33 

4 

75 

9.5 

31 

4.5 

66 

10 

30 

5 

60 

10.5 

29 

5.5 

55 

11 

27 

6 

50 

11.5 

26 
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Tig 3 — D Jgram to show the dircclio ) of the QRS comnicxes m left (L A D ) and nght ams 
devuHon(RAD) 
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Ho 4 ^Thc rate is nonnal The rhythm is regular The P R period w normal L. V D The 

T wave IS invened m lead IN 
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Since the time interval depicted by each space is known, it is possible to 
estimate the heart rate per minute as well as the duration of any phase of the 
cardiac cycle. Table II shows the heart rate per minute determined by the number 
of spaces between heart beats. 

Electrical axis deviation. — When the excitation wave spreads through the heart 
it is attended by a wave of electrical activity which takes a complicated 



Fig. 5. — The rale is normal. The rhythm is regular. The P-R period is normal. L.A.D. The 
T wave is inverted in leads I and CR 7 , and is diphasic (^) in lead II. The R wave is low in CRj. 

path. Its course may be represented by an axis, the projection of which is 
determined in relation to a triangle constructed' by the orthodox limb leads of 
the electrocardiogram. The resultant of this projection of the axis of the 
distributed electrical potential from the heart contraction is the electrical axis 
of the electrocardiogram. 

If this electrical axis is not deviated from the normal, the main deflection of 
the QRS complex is upright in each of the three limb leads (Fig. 3). 



im-RODUCTORy 7 

When the majn defiechon of (he QRS complex I 
inj^lll isj imvp^v’ard and the^jwaye mJead I is taller than The R^vSC^J 



lead 11, the electrical axis is said to be des wted to the left (Fig 4) Such deviation 
Js present in left bundle branch r i . 

Left axis deviation (LAD) so defined is not a certim sign of preponderant 
enlargement of the left \entricle dlthoueh the find me is common m those 



Fig, 8.— The rate is slow from sinvis bradycardia. The 
rhythm is regular. The P-R period is full R.A.D. 1 he 
T wave is inverted in leads \\, 111» CRi and IVR ; it is 
upiight in CR,. From a case of pulmonary stenosis. 







TilC NORMAL OR PHVSIOLOGfCAL ELFCTROCARDIOGRAM 9 

condition'^ showing left ventricular hypertrophy such as hypertension and aortic 
incompetence ThS^ore. .der>endab1e car diograohic signs of left ventr.r|.i-.r 
p reponderance consis^ of in\er_5ipn_of the T wAve in teads^ fa nd CR. TfipI 
and6) the T in )VR js expected to be tipnght, but should iTBn me t ted llu 
in\ersion is less prominent than that in CR^ 

^jShLfk<:iticaUi^is.^iujLioa-~Whcn the mam deflection of theJ3B^pmplexf 
in lead [js_downvvard and the R wave Jn lead JII 15 taller than the R.naia,ml 
lead3 L. the electc/cal axis is said to be deviated to tfr right (Fig 7) Such 
deviation is present m right bundle branch block 



Fra 9 — ^Thc rate is normal The rhythm is regular The P R period is normaf No efccincal 
axisdesiatian The P and T was es arc normaf No ahnormaf deviation of fhc R T segments 

Right axis deviation (RAD) so defined is not a certain sign of preponderant 
enlargement of the right heart, although the finding is common in those conditions 
showing hypertrophy of the right ventricle such as mitral stenosis and congenital 
heart disease The more dependable signs of right heart preponderance consist 
of inversion of th e T wave in leads 11 HI and in CR| the S ^_a\c is often 
a bsent in CR, and pr ominent^ ( Fig s) 

THE NORMAL OR PHYSIOLOGICAL FLFCTROOYRDIOCRAM 

Physiological electrocardiograms (Figs 9, 10 and 11) from healthy subjects arc 
not idenbcal tracings, for «hile conforming to a normal pattern they sometimes 
assume an irregularity winch m certain circumstmces might be regarded as a 
departure from the normal , . , , . 

When the fe-iturcs of the normal cardiogram are described in relation to the 






thc normal or physiological electrocardiogram 



Fio 1 1 — Thic rate is normal The rhjihni is regular The P R peTK>ii is normal No eles IncaJ 
axis deviation The thrtc pnmtry waves art normal in all leads From a healthy subject 
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six characteristics selected for the methodical analysis of all tracings, they should 
conform to’ the following requirements. 

1. The rale is neither too slow nor too rapid (60 to 100 a minute). 

2. The rhythm is normal, the impulse arising in the sino-auricular node (.sinus 
rhythm). 

3. The P-R period (measured from the start of the P wave to the start of the 
R wave) is neither too short nor prolonged (O'lO to 0'22 second). 

4. Tliere is no abnormal deviation of the electrical axis. 

.'1. The P wave, QRS complex, and the T wave, are upright in the limb leads, 
and of normal amplitude and form. In CR, there is never a Q wave and the 
S wave is greater than the R wave, and in young subjects the T wave may 



Fig. 12.— The rale is moderate. The rhythm is normal. The P-R period is not abnormal. No 
abnormal deviation of the electrical axis. The P and T waves are upright. The S-T segment 
is raised but to an extent less than ] mm. The tracing is from a healthy youth. 


be inverted ; in CRj or IVR the S wave may be deep ; in CR, the S wave 
is small. 

6. There is neither undue elevation nor depression (greater than 1 millimetre) 
of the R-T segment. 

Even when the above characteristics have been described for the physiological 
electrocardiogram, variations from the standard tracing might occur without 
incriminating their owners with any sinister implication. Amongst these are 
included small, wide or even inverted P waves, widened and splintered QRS 
complexes, deep S wave, especially in lead I or III, a raising of the S-T segment 
(Fig. 12), and inversion of the T wave in lead III, and in CRj in children. 
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ALTERED RHYTIIM 

ALTERED VAGAL OR SYMPATHETIC INFLUENCE 

Sinus bradycardia 

In the electrocardiogram of sinus bradycardia (Fig. 13) the P wave conforms 
to the normal type, and it recurs at regular intervals except in the rare examples 
of ventricular escape. It is followed by a ventricular complex which need not 
be abnormal. Similarly the P-R period is not necessarily altered (although it 
is often prolonged), so that the stimulus commencing in the sinus node is 
conducted to the ventricles in the usual way. Thus, auriculoventricular systole 
is normal, but the diastolic period is prolonged. The tracing is only abnormal 
in that the heart rate is slow (less than 60 a minute) : it may be as slow as 50 
or even slower. 



Fig. 15. The rale is normal. The rhythm is irregular from sinus arrhythmia. Tbe P-R period 
IS normal. No axis deviation. 


Sinus tachycardia 

In the electrocardiogram of sinus tachycardia (Fig. 14) the P wave conforms 
to the normal type, and it recurs at regular intervals unless sinus arrhythmia is 
present. It is followed by a ventricular complex which need not be abnormal. 
Similarly the P-R period is not necessarily altered (although it is often a little 
shortened) so that the stimulus commencing in the sinus node is conducted to 
the ventncles m the usual way. Thus, auriculoventricular systole is normal, but 
the diastolic period IS shortened. The tracing is only abnormal in that the heart 
rate is rapid (over 100 a minute) ; it may be as rapid as 160. 

Sinus arrhythmia 

^inus -arrhythmia (Fig. 15) the auricular and 
ventricular complexes conform to the normal type. The stimulus commences 



ALTERED RHYT^^^f 15 

in the smus node and is conducted normally to the ventricle but it arises at 
irregular intervals because of variation in vaeal activity Thus the frequency 
tncreised clurmg.Uic phase-of inspiration from lesseFii^^ai 
influence, and decreased during evpiralion ivhen normal vagal influence is rest^ 






Fio 17 — Tlic rale »s normal The rh>{hm ti irregular from sino^urjenljr Woclc The P It 
period IS very prolonged but ih s k lessened m ihc lo\ser record following atropine No aiu 
deviation The T wave is upnwht m all kads 


SinO'AtiricuIar block 

In thcelectroeirdipgrifii.liLsiaoiuiritularJblockdriev J6 and l?)asmglc^ai 

fails to appear althouch the silent period is genenllyja little shorlcrJbatt.tvvo 
normal cycIcT'Thc mechanism is probably due to suppression of the impulse 
originating m the smus node by increised vagal action The condition tltffets 
from '\u.ticulovcr>tncul3r' blociv in v^ntnculir 

Comdex IS missmg 




Fig. 19 
premature 
in lend 


f is norrnal. The rhythm is irregular from auricular extrasystolcs in which (he 

nature P waves are inverted. The P-R period is normal. L.A.D. The T wave is inverted 
?ad 1 and low in lead II. 
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Ventricular escape 

In the electrocardiogram depicting this condition (Fig 18) a PwavvjsmtismR 
and thfc ji^tri^aj^ mp]ea,iS.^yjd_^ 4 _ 8 PP^ 
tracing may also stiow sinus bradycardia Absence of auricul ir activity miy 
apply to a single beat, but rarely it may characterize a croup of beats Should 
It be the dominant rhythm, the rare condition of auncular standstill is established 



Fig 20 —The rhythm is irregular from xtltcixating auncular esirasyslolcj where ihc pramiure 
P waves are formed at the end of the T waves 


SJJIFTtNG OF FOCUS NORMALLY IMTIATINC CARDUC IMPULSE 
Fxtrasystoles 

The ectopic stimulus giving nsc to cxtrasystoles may start m the auricle aurwulo 
ventricular node, or ventricle The impulse commences prematurely and the 
contraction which it initiates suppresses the next normal impulse m the simis 
node so that th e extrasystole is followed bv a pameJsef oteqh&jsuccegd mg norm al 



Fia 2l — The rhythm is irregular from blocked auricofar exfrasystoJes The premafure Pwavc^, 
placed between the R and T waves, are not followed hy the customary vtntncobr complex 


bijtiL talces. glace ^Rarely, and usually when the heart rale is slow a premature 

beatTnj^^ be completed before the normal stimulus m the sinus node produces 
auricular systole, so that no pause follows m this instance the extrasystole is 
an added beat and is said to be hierpotaied bciw-een two normal beat^ 

In ttiiricular cxtrasvstole (Figs 19 and 20) the P ^c^otxurs prematurcK 
and since it results from a stimulus arising in part oTTHe aurTcfc removed From the 
sinus node, it is as a rule deformed and often inverted The F-R_pcnod is itsuaKy 
shortened and the ven tnculif cp riib^x|^sR5w>'^ iirght v ariati on ffoni the oornials 
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The pause which follows this and other kinds of extrasystoles is longer than the 
usual diastolic period and is referred to as the compensatory pause. 

When the auricular beat is so premature thaf ffielmpulse arrives in the ventricle 
before it has relaxed from the preceding systole, the ventricle does not respond 
to the stimulus ; this condition is known as blocked auricular extrasystole 
(Fig. 21). 

In auriculoientricular nodal extrasystole (Fig. 22) the P wave, which js^usually 
deformed,.Js.«plaGed-after or within the. ventricular^omplex which may also 
^ow a slight variation from the normal. The chest lead CRi often depicts the 
obscured P wave more clearly than do other leads (Fig, 23). 



Fig. 22. Tlie rate is normal. The rhythm is irregular from nodal extrasystoles in which the 
P wave IS written between the R and T waves. In other beats the P-R period is normal. No 
axis deviation. The T wave is low in lead I. 


In ventricular extrasystole th e custo mary rhythm is interrupted by a complex 
^nd which is not^precedecT by^a P .wave. It consists of a wide 
Q RS comp lex continuet^into a T wave which is generally written in the opposite 
direction to the QRS deflection. The P wave is included either in the wide QRS 
exaggerated secondary T wave. In the case of an extrasystole arising 
right ventricle (Fig. 24) the abnormal QRS complex is relatively high in 
lead I, deep in lead III, and diphasic and often of low voltage in leadTI. *^In“ 
me case of an extrasystole arising in the left ventricle (Fig. 25) the abnormal 
Q S complex is tall in leads II and III and low or directed downwards in lead I. 

Ventricular premature beats, however, often fail to conform to such charac- 
teristic types and it may be that these take origin in the septum or junctional 
tissues. 
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Frc 23 — The rate js not ntp«d The rhythm k abnormat from a) cmtiuig nodal exirasystoirs 
where the P wave following the QRS s best dep cted m CR The P R per od is not abnonnal 
LvA D The T tivavc s inverted m lead 1 w tfi si ehi R T depress on from hvperiens on 
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Fig. 25. — ^The rate is normal. The rhythm is irregular from left ventricular extrasystoles. The 
P-R period is normal. L.A.D. The Q wave is deep and the T wave low in lead HI. 



Fig, 26. — ^Thc rale is a little rapid. The rhythm is irregular from frequent extrasystolcs. The 
P-*R period IS normal. No axis deviation. The T wave is inverted in lead III. 
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As a rule c\trasysto)es are abolished by induced tachycardia but sometimes 
(Fig 26) the two varieties of arrhythmia exist side by side 
When the electrocardiogram is equivocal m cardiac infarction as for instance 
m bundle branch block the form of an extrasystole may provide a due to such 
a diagnosis (Fig 27) 
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of the QRS complex is often modified in many beats by the proximity of the 
auricular contraction. Usually the rate is either normal or slower (Fig. 28), but 
sometimes it is more rapid (Fig. 29). 



Fig. 28.-— The rate is a little slow. The rhythm is irregular from nodal rhythm where the focus 
initiating the cardiac impulse is variable (shifting pace-maker). The QRS complexes widen 
when they are preceded by the P wave. The T wave for the same reason is sometimes inverted. 
No axis deviation. 



Fig. *-9. The rate is ^hule rapid. The rhythm is abnormal from nodal rhythm where the 

Prominent Q waves and inverted 


'P u'asc follows the QRS complex. No axrs'dev'fatlonr 
T waves m leads II and III from cardiac infarction. 



ALTCRED RHYTHM 


Pia 30 — The ventricubr 
raJc IS sJiW The rhythm 
IS irregular from auricular 
tachycardia of high rate 
with 6 to I A-V dissocia 
tion No axis deviation 
The R-T segments arc 
depressed by digitalisation 




fJC 31 —The ventricular rate is 
a little rapid The rhythm is 
tntgubr from auncular tachy 
carda of high rate with 2 or 3 
to I A-V dissociation No 
axis deviaiion 
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Paroxysmal tachycardia and auricular flutter 

The auricular rate in paroxysmal or auricular tachycardia varies from 250 to 
500 a minute, but when the ventricular rate is also rapid, all the auricular con- 
tractions are difficult to identify ; the recognition of the auricular beats, however, 
is facilitated by recording the right pectoral chest lead (CRj) during tachycardia 
and comparing it with the record obtained in normal rhythm. When this test 
becomes routine a high incidence of A-V dissociation will be found among the 



Fig. 32. — The rate is rapid. The rhythm is irregular from auricular tachycardia of high rate 
with 2 to 1 A-V dissociation which is best seen in CRi. R.A.D. The T wave is depressed m 
lead I. 

cases. A regard of the auricular rate and the degree of A-V dissociation, both 
of which determine the conspicuity of the auricular waves in the tracing, places 
the electrocardiograms of. auricular tachycardia in five groups. In the past it 
has been traditional to allude to the first two groups as auricular flutter, but 
the mechanism is the same for these as for the next two groups . 

1, Auricular tachycardia of high rate with 3 to 1 (or greater) A— V dissociation. ^ 

In this group the auricular rate is rapid (up to 300 a minute), but the ventricular rate is 
relatively slow (under 100) so that A— V dissociation is 3 to 1 or greater, and three or more 
consecutive auricular waves are written outside the ventricular waves (Figs. 30 and 31). 

2. Auricular tachycardia of high rate with 2 to 1 A-V dissociation. 

auricular rate varies from 200 to 260, and the ventricular rate from 100 
to 130 ; both auricular waves are seen outside the ventricular waves (Figs. 32 and 33). 
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3 Aari^Iar fachjtsjrdu of hlj^hcr rate witti 2 to f \ \ dusocKitJon 



Eto 33 — The rate is rapid The rhythm ts irre^Iar from auriciilar taiHiycurdia of h eh rate 
t^ith 2 to I A V disscictatiori which i$ b«t seen in CR] t two such leads ate shown iltimraiing 
how a slower \cntrtcular rate permits a better view of the two auneuf tr waves 


4 AtrrkuUr fachjtitftfa of rery hf(^ rate *Uit 2 to t \ 3 dhsocwrKWi 

fn this group the auricuhr rate ts over 400 tnd the vemnoilar rate over 200 both aaocolar 
waves fdH *ithin the S and T wai'es of the ventrjtolaf complex IF;g 35) 

5 Auricular tachycanlu of high rate without \ \ dissociation 

In this group the aartcular nte is rapid and the ventrwohr rate is the sanw so that the 
impulse from the ectopic focus travels through the auricular node (panu/nia toehycemf a) 
Such paroxysms arc brief as a rule and recur freau'ntfy If »g 36) Regular nrsponxes of 
ventricular contraction to each turtciilar contraction may also bt obta ned b) vieeruMe la a 
patient exhibiting auncttlar tachycardia with A V diniKUtion <f k 37) 


Fig. 34. — The rate is rapid. The rhythm is 
irregular from auricular tachycardia of 
high rate with 2 to 1 A-V dissociation 
which is only seen in CRj. No axis 
deviation. The T wave and R-T segments 
are depressed and the T wave remains 
inverted in the lower CRj which was 
recorded after the attack. 


Fig . 35. — The rate is rapid. The rhythm 
is irregular from auricular tachycardia 
of very high rate with 2 to 1 A-V 
dissociation which is only seen in 
CRj. Tendency to R.A.D. The R-T 
segments are depressed. The lower 
CRi is in normal rhythm. 










wat^ are^orominen t in'cR^'^TM .'S irregular from auricular fibrillation. The “ f ” 

rrc^epmssedTSitali?. *■ deviation. Small voltage in lead I. The R-T segments 
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Atiricular fibrillalion 


In the Jjinb lead electrocardiogram of auncular fibrtllafion the P wives are 
replaced by oscillitions svhich may be hardl> Msiblc (Fig 38) or fajrlv promment 




Tic 42 —In the Rt$t tracing the vcnincular rate ts very stow and the rhythm is (mrgutar from 
compfetehcart block In the second tracing the rate Is ♦co ojp <1 and the cwnp/cres anrgiws 
and irregular from ventncular fibrillation 


(Rig 39) The auricular beats are seen to the best advantage tn the right pwforal 
electrocardiogram (CRi) where they may appear as well formed w uses ditTermp 
slightly in size and shape and with i rhythm almost as often regular is irregular 
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(Figs. 40 and 41). The ventricular responses in fibrillation have no constant 
relationship to the auricular waves. 

Ventricular fibrillation 

The electrocardiogram of ventricular fibrillation (Fig. 42) is characterized by 
frequent, large and irregular oscillations. Amongst these it is not possible to 
identify any auricular waves. Apart from the short period preceding death 
from such illness as cardiac infarction, ventricular fibrillation is characteristically 
seen in relation to the Stokes-Adams attack in complete heart block. 



Fig. 43 .-—The rate is normal. The rhythm is regular. The P-R period is prolonged. No axis 
deviation. The T wave is low in lead III. 


FAULTY CONDUCTION OF THE CARDIAC IMPULSE 

Prolonged P-R period 

The time taken for the impulse to travel from the sinus node in the auricle to 
the ventricle is represented by the length of the P-R period measured from the 
commencement of the P wave where it leaves the isoelectric level to the com- 
mencement of the R wave. The normal P-R period varies between 0*1 and 0*2 
second or at the most 0*22 second. When the P-R period is prolonged the 
electrocardiogram may be normal in other respects (Fig. 43), while this delayed A-V 
conduction is common in bundle branch block (Fig. 44). If the P-R period is 
exceptionally long or diastole is short, the P and T waves may coincide (Fig. 45) ; 
in this event the right pectoral lead is the best to portray both waves. Variation 
in the length of diastole from sinus arrhythmia will also help to diagnose the 
condition (Fig. 46). 

Short P-R period 

The P-R period is often short in nodal rhythm, but in this case its length may 
vary from beat to beat. 
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Fig. 46. — The rate is a little rapid. The rhythm is regular except for sinus arrhythmia. The 
P-R period is greatly prolonged and the P wave coincides with the T wave except 
diastolic period lengthens. No axis deviation. The T wave is upright in all leads. The R~l 
segments are normal. 



The rhythm is regular. The P-R period is short. L.A.D. The 
QRS complexes are wide and the T wave is written in the opposite direction to the QRS. 



altered RHVTifA/ 

When a short P R period is associated with bundte branch falocic (Fig 47) 
w tachycardia ii constitutes \vhat Ins become knonn as the 

Worn Parkinson White syndrome and it tmj be found m otherwise healthv 

subjects ^ 


Etc 4S — ^Thc rat i stow The rhythm is rreguFar from 2 lo ( A V block LAD Th QRS 
complexes ire » dc and the T »ave is in tried in luid 111 


no 49 -The rau. « stow The rhjlhm « rregutar from 
perodsu) lead J Jei\gthcn in success ve beats until a ventncuUt comptex fi k to appear (w enckc 
bach periods) No asjs de tat ott 

Incompfcfe A V block 

The P wave and the QRS complex may be normal but each P “ not 
followed by d xenlneubr wave because theventnefe fails to respond to ■» 
impulses arriving from the aundc In the var,a> the 

to alternate auricular beats (2 to 1 A-V block) (Fic 48) In the i 
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the P-R lengthens progressively until finally an expected ventricular beat fails to 
appear (Fig. 49) ; after the pause the P-R period is shorter but it again lengthens 
in successive beats ; usually the increase of the second over the first interval is 
greater than the increase of the third over the second, and the ratio between 



Fig. 50.— The rate is very slow. The rhythm is irregular from complete heart block. No axis 
deviation. The P waves are broad and occasionally bifid. 



Fig. 51. The ventri^lar rate is very slow, and the auricular rate is rapid from auricular 
tachycardia. L.A.D. 


auricular and ventricular beats is 3 to 2 or 4 to 3. This variety is sometimes 
referred to as the Wenckebach phenomenon. 

Complete A-V block 

The electrocardiogram (Fig. 50) shows complete dissociation between the 
auricular and ventricular waves. Both auricular and ventricular beats recur 


ALTERED RHYTHM 35 

TO the auncular nte is more rapid (about 

70 a m oute) than the ventricular rate (30 or under) The QRS and T waves 
frequently conform to those found in bundle brunch block The P wave is written 



Pro 5’ — The ventnoil ir rate js verv slow The rh} ihm is ineguhr from aortcvhr fbnUation 
in complete heart bJock L.A D The T waves are inverted in l«ds t JJ and III 



normally unless m the presence of auricuhr tachycarda (Fig 51) or auricular 
fibrillation {Hf 52) which may be resembled by very slow fibnlhtion (Fig 53) 
which IS the commoner condition 
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Fig. 54. — rate is normal. The rhythm is regular. The P-R period is slightly prolonged. 
L.A.D. The QRS complexes are wide and the T waves are written in the opposite direction 
to the QRS. 



ALTERED RHYTHM 
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Bundle liranch block 

The aurjcular wave 15 normal jn ihjs condjjjon unless there is 
wiT prolonged, but it is short in the WollT-ParkinSon" 

White syndrome The QRS complex is wide and exceeds the normal interial of 
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01 second ; it shows notching of either its ascending or its descending limb. The 
T waves that follow arc known as secondary T waves and arc usually large and 
written in the opposite direction to the QRS deflection. 

In Icji bundle branch block (Fig. 54) the main QRS wave is directed upwards 
in lead I and downwards in lead III. 

In the uncommon kind of ris^lit bundle branch block (Fig. 55) the main QRS wave 
is directed downwards in lead I and upwards in lead III. 

In the common kind of right bundle branch block (Fig. 56) the curve is charac- 
terized by a deep S wave as component of a wide QRS complex in lead I and in 



I k;. SS.— The nitc is normal. The rhythm is regular. Tlie P-R period is normal. The P, QRS, 
and T \\:nes in lead 1 arc inverted. The P wave in lead II is indistinct, and the Q wave is 
deep. The QRS complexes arc wide. 


load 11 as a rule. The T wave is upright in leads I and 11 and usually inverted 
in Ica.d III. The QRS wave in lead HI is also wide, and although it may be upright 
it is more often directed downwards when characteristically a deep Q wave is 
present. 1 he chest leads CRi and CR- arc useful to test the presence of right and 
left biimllc branch block respectively. 


lAl'irV iUAKl rONIKACriON 

Electrical altcrnunv 

The elect rocardiorram in piiKtis altcrnans is not necessarily abnormal, except 
in siiouing left ventricular preponder;incc. and it seldom show,s variation in 
electric.?! p-ncntml in altern.itc beats. .Such electrical variation, however, may be 
iV\-p. 5”) in the absence of obvious heart disease. 


CONGENITAL HEART DISEASE 
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CONCrMTAL HEART DISEASE 

Apart from dextrocardia the electrocardiogram of congenital fieart disease does 
not ditler from that obtained m acquired disease The voltagt is often high and 






Fig. 61. — ^The rate is normal. The rhythm is irregular from auricular fibrillation. The QRS 
complex and the T waves are reversed in leads I and 11, and the R-T segments are' raised as 
a mark of left heart preponderance, in congenital dextrocardia. 





Img. 62. — The rate is normal. The rliylhm is regular. The P~R period is normal. R.A.D. 
The QRS complexes are wide and the T wave is directed in the opposite direction to the QRS. 

natural cardiographic findings. Thus, a deep S wave in lead J, and inversion of the T 
waves in leads 11 and 111, and in CRj, arc characteristic changes in many congenital 
heart defects, and cannot by themselves have diagnostic value, so that differentia- 
lion has to be made on clinical grounds aided by radiological examination. 
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Congeniial dextrocardia 

■^e fimb tead cardiogram (Fig 58) shows inversion of the P QRS md T waves 
m lead 1, and an interchange of the tracings m leads If and 111 An orthodox 
curve m lead I is obtained by reversing the right and left arm lermimls (Fig 55>) 



Pio fS-— The rate is normal The rhythm is regular TTic P R penoJ « nontut R ^ D 
The P Wave u broad The T wave is inverted m Jvads ]H and CR, and diphasic in lead II 


The displaced heart is susceptible to congenital nnd acquired disease SVben .1 
congenita! defect is added, the R wave m lead I again appears upnght as an 
expression of right ventricular preponderance (Fig 60j whereas in h>'p«rlension, 
the downward projection of the QRS becomes even more noticeable with ctevalioo 
of the R-T segment (Fig 61) 
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Coarctation of the aorta 

The cardiogram of coarctation may often be physiological, or it may show left 
axis deviation, or early changes due to left ventricular preponderance, especially 
in the presence of aortic incompetence. 



Fig. 65.— The rate is normal. The rhythm is regular. The P-R period is normal. R.A.D. The 
T wave is upright in all leads. 




44 


ELECTROCARDIOGRAPHY 


Subaortic stenosis 

The differentiation of congenital subaortic stenosis from acquired aortic stenosis 
is notably difficult on clinical grounds. The congenital nature of the lesion 
receives confirmation from the finding of right axis deviation (Fig. 62) which 
may be present sometimes. 


Auricular septal defect 

The cardiogram of auricular septal defect is usually abnormal and it often shows 
deviation of the electrical axis to the right, bundle branch block, or right heart 
preponderance expressed by inversion of the T wave in leads II, III and CRi 
(Figs. 63 and 64). 


Ventricular septal defect 

As a rule, the changes in the T waves characteristic of right ventricular prepon- 
derance are absent in this condition unless accompanied by other congenital 
defects, and right axis deviation or notching of the QRS are usually the only 
abnormal cardiographic changes (Fig. 65). 

Patent ductus arteriosus 

The cardiogram of patent ductus arteriosus is physiological (Fig. 66). An 
abnormal tracing in congenital heart disease makes it unlikely that patent ductus 
arteriosus is the lesion which produces the clinical signs. 


Pulmonary stenosis and pulmonary atresia 

This congenital anomaly of the pulmonary opening, existing either alone as 
pulmonary stenosis, or in association with a defect of the ventricular septum 
(Fallot’s syndrome), produces a characteristic cardiogram (Fig. 67) showing the 
effects of right axis deviation combined with those of right ventricular prepon- 
derance. Thus, the S wave is deep in lead I, and the T wave is inverted in leads 
II, III and CRi. The R wave is greater than S in CRi, and the reverse is true 
in CR,. 


Lead 1 


Infarction 


Lead III 



Pericarditis 

J~^ 


FfG. 68. Dircxlion and form of the R— T deviation in leads I and III in cardiac infarction and 
in acute pericarditis. 



PERICARDIAL DISEASE 


PERICARDI\L DISEASE 

The abnormal cardiogram idem, Bed viith pencardml d scase is not rte oulcome 
of increased mtrapericardial pressure but is the result of direct etlension ml 
the heart muscle of the disease which is afiecting the pericardium 






<-Rip .K T 


«• 


LLiUi 


I)' ' jii! 


Fig. 71. — The rate is normal The rhythm is regular. The P-R period is normal. L.A.D. 
The T waves in (A) are inverted in leads I, IT, CR^i, lYR, and CR^, but are upnght in (B) taken 
three weeks later 






Fk. 72 .— Four examples of broadening of the P waves with a shelf or step appearance taken 
Irom patients with pencrardial disease. 













pericardial disease 4^ 

The changes m the cirdiogram of atute pencard its -arc confined /n ibe e-}rj> 
stages to the R-T segment Like those of carduc infarction they are short li\ed 
and 'ire followed by inversion of die T wave Uni ke carduc infarction the form 
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and direction of the R~T deviation is different. Thus, the elevated R-T^ of cardiac 
infarction shows coving with the convexity of the curve upwards, while the 
elevated R-Tj of pericardial disease 



shows an upward concavity. Again, the 
reciprocal relationship between changes 
in leads I and III in cardiac infarction, 
namely elevation of the R-T segment 
in one lead and depression in another, is 
absent in pericarditis (Figs, 68 and 69). 



Fig. 75. — The rate is normal. The rhythm 
is regular. The P-R period is normal. No 
axis deviation. The P wave is a little wide. 
The T wave is low in lead JII and inverted 
in all other leads. 


While the duration of the R-'T changes 
is no longer than a few days, the 
deformity of the T wave which follows 
will last or disappear according to the 
progress of the underlying myocardial 
injury, and it does not depend on the 
presence or absence of pericardial fluid. 

The cardiogram shown in Fig. 70 is 
not appreciably altered in spite of great 
distension of the pericardial sac by 
haemorrhagic effusion. The abnormal 
tracing in Fig. 71 was obtained when 
pericardial effusion had formed in acute 
pericarditis and it was normal three 
weeks later when the fluid was absorbed. 
Again, the tracing in Fig. 73 was 
obtained from a patient with acute 
pericarditis in whom no effusion 
occurred. 

The cardiogram of constrictive peri- 
carditis shows lasting changes which 
are not abolished by time or even by a 
successful operation. In such a tracing 
the voltage is sometimes low ; the 
rhythm is often irregular from auricular 
fibrillation even in young patients ; the 
P wave is usually broad and often 
demonstrates a shelving effect in lead II 
(Fig. 72) ; the Q wave is never prominent, 
and the R-T segment seldom shows any 
deviation. Changes in the T wave make 
it convenient to consider them in two 
groups, although some fall outside these. 

In the first type (Fig. 74) the T wave 
is inverted in leads III, II, CRj, and in 
CRj or IVR, but is upright in I and CR-. 

In the second type (Fig. 75) the 


PERICARDIAL DISEASE 



Fa 76 — The rate is normal The rhythm ts regular The P R period js normal RAD 
The P wave Is wide n lead I tall in 11 and d phas c in CR The T wave is inserted n Ilf 
and in CRi where the S uine is ahsent 





50 


ELECTROCARDIOGRAPHY 


T wave is inverted in leads I and II, and in CR- usually to a greater extent than in 
CR4. The T wave in CRj is either low or inverted. 

MITRAL STENOSIS 

In patients with early mitral stenosis there may not be any changes in the electro- 



Fig. 78. — ^The rate is a little slow and the rhythm is regular (sinus bradycardia). The P-R period 
is full. L.A.D. The T wave is inverted along with R-T depression in leads I and CR?- 


cardiogram so that this test cannot help in diagnosis at the commencement of 
the illness and when the clinical signs may be equivocal. As the condition 
progresses the P wave becomes broader and often bifid especially in lead 1 ; 
in CRj the P may be tall and spiky. When the condition is well developed there 







AORTIC VALVULAR DISEASE S\ 

js right axis deviation but the voltage m lead I i, usually low (Figs 76 and 77) 
Inversion of ihe T wave in leads CR, It and Itf is less noticeable in mitral 
stenosis than in other instances of naht heart enlargement and failure the 
presence of such changes suggests the addition of auricular septal defect to mitral 
stenosis (Utembacher s syndrome) or that pulmonary incompetence is a pro 
minent feature When tricuspid stenosis is added the cardiographrc signs tjpifyins 
mitral stenosis are more likely to be present 
The tracing of mitral stenosis frequently shows auricular fibrillation and the 
effects of dtgmlis Iherap) 



Flo 79 —The rate a t itle slow and the rh> 1) m « regular nus bni Jvwrd aj TJe P R rer oJ 
IS normal No ax s deviat on The T w-xx-e is inverted n tc. ds 1 tl III and CR 

AORTIC VALVUI\R 1)ISF\SF 

The cardiogram of aortic incomp tence (Fig 78) is similar to the one found m 
many cases of left ventricular enlareement from hjpcrtension There is left 
electrical axis dev ation and mvwion of the T nave m leads I and CR^ « ouM 
the T wave be inverted in U R as well the change is not as a rule as great as 

that m CRt , , j h , 

Sometimes the inversion of the T wave in limb leads may involve leads 11 and 
III in addition to or without inversion of theT m lead I (Ra- 7^) 
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The same changes are found in aortic stenosis (Fig, 80) and in addition a 
characteristic steep ascent of the T wave may be observed at the termination of 
a more gradual R-T depression. 



Fig. 80. — The rale is normal. The rhythm is regular. The P-R period is prolonged. L.A.D. 
The T wave is inverted in leads I, II, IVR, and CR 7 ; the inversion in CR 7 is greater than in 
IV R. The R-T segment is depressed in leads I, II and CR7. 

CARDIAC INFARCTION 

The early cardiographic changes in cardiac infarction are confined to the R-T 
segment ; they appear within an hour or less of the attack and may last for several 
days before giving way to the typical T wave deformity, wlien the R-T segment 
may have returned ’to its isoelectric level. The R-T deviation (Pardee sign) is 
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Tu «P''ards m lead I and an opposite Or discordant 

from l?a ?o. ii di/TerSiOates the chanS 

from that found m acute pericarditis In posterior infarction the chances are 




Fkj 82~>Thc rate is normaj The rh>ibm is tegular The P R penod » nomuJ No n«s 
deviaiion The T wave is in> fried jrt leads I and JI and si ghUy insetted In HI 

in the reterse dtrecnon In anterior cardiac infarction the R-T changes may be 
slight at the start and the T ^va^e m lead I may remain uprieht although a little 
low , m this circumstance lead CR, or IVR gises invalunble aid to diagnosis , 
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here the R-T segment might be obviously raised and a Q wave present. Soon 
the T wave becomes inverted. 

The later cardiographic changes are described here aceording to whether the 
anterior or posterior part of the heart is affected. 

Anterior infarction. — The changes conform to a Ti pattern described by 
Parkinson and Bedford where the T wave is inverted in lead I and often in lead 



Fig. 83.— The rate is normal. The rhythm is regular. The P-R period is normal. No axis 
deviation. The T wave though low is upright in lead 1, but is inverted in tVR. 


II as well (Fig. 82). Involvement of the adjacent interventricular septum gives 
rise to prominence of the Q wave producing a QiT^ pattern. The T wave is also 
inverted in CR^ or IVR and to a less extent as a rule in CR^. In time the deformed 
T wave may recover in lead II, but it is seldom wholly corrected in lead I and still 
less frequently in CR.(. Similarly, changes are usually obvious in CRj when they 
are slight (Fig. 83) or absent (Fig. 84) in lead I. 

Posterior infarction. — The changes conform to the Tg pattern of Parkinson and 
Bedford where the T wave is inverted in lead HI and in lead II (Fig. 85). 
A prominent Q wave is a commoner feature of posterior than anterior infarction, 
and is seen in leads III and II, forming a QgTg pattern. The T wave is not expected 
to be inverted in CR,(, but as a rule it is either low or inverted in CRj. In time 
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the deformed T wave may recover in CR75 and it may reach the isoelectric level 
or higher in II, but it never recovers in lead III where the inverted T wave is not 
corrected by deep inspiration. 

Combined anterior and posterior cardiac infarction will cause inversion of the 
T wave in all three limb leads (Fig. 86) so that concordancy applied to the inverted 
T waves, cannot then indicate pericarditis in cardiac infarction, for it is not 
analogous with such relationship between deviation of the R-T segment in leads I 
and III which exists when acute pericarditis is found by itself. 

Infarction, mainly of the septum, or confined to the left side of the heart, or 
anteriorly and to\vards the apex, will produce other combinations of T wave 
inversion ; thus the T wave may be inverted in I and in CR- but upright in CR4. 



Fig. 86.— The rate is normal. The rhythm is regular. The P-R period is normal. No axis 
deviation. The T wave is inverted in leads I, II. and III, 


CARDIAC ISCHAEMIA 

In only a small percentage of cases does the cardiogram change during the attack 
of cardiac ischaemia. The change takes place in the R— T segment and in the 
T wave as in cardiac infarction but it is short-lived and lasts less than an hour. 

It is common, however, to find the typical cardiographic changes identified 
with cardiac infarction, in a patient who gives a history of only brief paroxysms 
of pain on exertion (cardiac ischaemia or angina pectoris of effort). It is likely 
that such changes are the outcome of a small area of infarction and not of ischaemia 
only. Certainly the clinical history differs in the two groups of cases although 
the cardiogram can be identical. 

Before leaving a discussion of the relation of cardiographic changes to coronary 
disease, an answer should be attempted to certain pertinent questions. 

First, in the presence of cardiac infarction can the electrocardiogram be normal ? 


CARDIAC ISCHAEMIA 
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^ of coronary 

ha^tS cardiogram is ever obtained svhen mUrcUon 

Has taken place and especially when chest leads are in'^luded 



Fw 87 —The rate Is nonrul The rhythm is rccuUr The P R per od is normal S > aa < 
deviat on The T vxase w low fn It and (S inverted wth R T depress on fn tads I and CR 

Secondly when the abnormal cardiogram ident fied wnh card ic Infarction is 
fully developed does it ever recover '* It « hkely that it docs not entirely rc«a 
to the normal m the great majority of cases especially if the chest kad is tocludetf 
m this analysts but u is true that many of the chances tJ‘vom modified 
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Thirdly, can the cardiographic changes of cardiac infarction take place in the 
absence of pain ? When such circumstances appear to be present it is usual 
that the patient admits to tightness in the chest, or it may have been over- 



Fig. 88.— The rate is normal. The rhythm is regular. The P-R period is normal, L.A.D. 
The T wave is flat in lead II and inverted in I, IVR and CR7 ; the inversion in IVR is greater 
than in CR,. 


shadowed by breathlessness from accompanying heart failure, or the patient is 
an unreliable witness of his symptoms, and makes light of his complaint when 
he has been rid of it. 








HYPERTENSION 
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HYPERTENSION 

When cardiac enlargement is not an obvious f nd ng m a pat ent th hypcrtcns on 
the elcclrocard ognm may be normal or at the most it may on’y show left 



normal The rhyihm s regular inc i' ou s wnnai - 
a e IS d pha ic n to H 1 and !VR and n c ed m t[ lit and CR 
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HYPERTENSION 5 , 

axis deviation When enlargement of the heart ,s present or prominent the 
cardiographic signs of left ventricular preponderance are common These 
consist of tnyersion of the T nave m leads 1 and CR, should it be inverted m 
I VR as well this is less than m CR, The R-T segment is depressed Left bundle 
branch block is also a common curve m hypertension with great cardiac enlaree 
ment 

When attacks of cardiac ischaemia arc a feature of a patient with hypertension 
the diagnosis of cardiac infarction as a complication is sometimes difficult on 



Fk 3 91 ^The rate is normal The rhythm is regular The P k period is normal R ^ t> 
The P wave is tall m leads II and HI The T wave is fow m J d phasit n II and III and 
inverted in CR 

cardiographic grounds If the T wave is inverted in leads I and CR and ts 
upright m IVR it is likely that cardiac infarction is absent (Ftc 87) although 
a would be more hkely if hypertension was present svrthout pain but should 
Ibc T wave m IVR be inverted the degree of inversion will help to decide 
Thus if infarction of the anterior part of the heart has been added to hypcriension 
the inversion is greater in IVR than in CR (Fia 88 ) whereas the reverse is true 
of uncomplicated hypertension (Fig 5) or of hypertension with postenor cardiac 
infarction or aortic valvular disease (Fig S9) 
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LUNG DISEASE 

Pulmonary embolism 

Sudden extensive infarction of the lungs from embolism produces a right bundle 
branch block in the electrocardiogram. If the patient survives, changes charac- 
teristic of right ventricular hypertrophy take place, namely, inversion of the T 
wave in leads II, III and CRj, along with right axis deviation (Fig. 90). During 



Ho, 92 — TIjc nitc is normal. The rh\ thm is regular. The P-R period is normal. R.A.D. 
The P \\n\c is tall and broad in leads II and III. The T \va\c is slightly inverted in II, and 
more dccplv in leads III and CR, ; the T \va\c is upright in CR-. 

recovery tlic in\ cried T in CR, is the last to be corrected. The Q wave may 
be deep in 111, and the P wave tall in 11 and HI. 

Lntplij sema 

The electrocardiogram in emphysema may be normal, but in the presence of 
right heart enlargement the tracing may show such abnormalities as a deep S in 
lead I and inversion oftlicT uave in CR, (Fig. 91). If there is much enlargement the 






LUNG DISEASE g3 

T wa^e IS also inverted m leadsll and III (Fig 92) as an e;<press,on of conspicuous 
richi ventricular prepondennee 

Primar) pulmonary hj-pertension 

This condition may resemble pericardial disease in some of its clmicil and 
radiological manifestations but its cardtographtc pattern serves to distinguish 



Tie 93 — Tlic rate w normal The rhj ihm is reguhr The P R penoJ t> *I ^htly prolonged 
RAD The T wase is inserted m leads If ttf and CRi bul upnehi m CR 

It, for there is right axis deviation m addition to inver^on of the T waves m 
leads rr III and CRj (Fig 93) i 

Pncuroooccfonij and piicumothorav 

It IS not unusual for auricular fibrillation ornuncular tachycardia to set in after 
pneumonectomy but the sudden depletion of so brg • a p-irt of the pulmonary 
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Fig. 94. — The rate 
IS a litllc rapid. 
The rhythm is 
regular. The P-R 
period is rather 
short. ^ No axis 
deviation. TheT 
wave IS flat in 
lead in and 
inverted in CRi. 
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Fig 95 —The rate is a little slow. The rhythm is regular. The P-R period is full No axis 
deviation In (A) the T wave is inverted in lead I, upright m CR 4 , and low in II and CR?. In 
(B), taken after three weeks on thyroid treatment, the T waves are upright and normal. 
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circulatioa does not give rise to cardiographic changes common to right 
ventricular preponderance 

Minor changes, particularly electrical variation (Fig 57) may take place m 
the electrocardiogram at the initiation of spontaneous pneumothorax 



. ^ The P R period is normal In (A) ihc 

■"t upr.Eh. m (B) «"• 

dcsoxycorticosterone Ticetate 

endocrine DISOROrRS 

Thyroid toxaemia gstcirdiocraphic abnormality m thyroid toxaemia 

Sinus tachycardia is the comm common form of arrhythmia Amongst 

and auricular ^ j of a decree of nchl vcntntular prepon- 

the lesser changes are those ''*'7 ‘,^Vand inversion of the T svavc m leads III 

and CR, (Fig 94) Such wro v ^ necompamed by tnple 

a .hf^ 




Fig 98 — ^Thc rate is slow The rhythm is irregular from complete heart Wotk w th aliernatinj, 
vcntnctilar extrasystolcs Left bundle branch block 



idfidlsons disease 

Although the electrocardiogram in this condition is usuilly a normal tracing 
at times a may show prominent irreguhniics m the form of mwrsnm of the 
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Fig. 100. — The rate is slow. The rhythm is regular. The P~R period is normal. No axis 
deviation. The P waves are small and the T waves are inverted in leads I and II. 




Fig. 101.— The rate is slow. The rhythm is regular. The P-R period is normal. No axis 
deviation. The T wave is low m lead I and inverted in leads JI and III 
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T waves. Such changes are not constantly related to the serum potassium value, 
and they are corrected by treatment with desoxycorticosterone acetate (Fig. 96). 

Suprarenal tumour 

The electrocardiogram is a valuable test when the diagnosis of suprarenal 
tumour is in doubt. It may show inversion of the T wave in one or more leads 
(Fig. 97), and this change may take place in the absence of maintained hypertension. 

DISORDERS OF THE CENTRAL NERVOUS SYSTEM 
Friedreich disease 

The electrocardiogram is abnormal in about two-thirds of the patients with 
Friedreich disease, and in one-third the changes are conspicuous. When 



Stokes-Adams disease is added the cardiogram shows complete heart block 
(Figs. 98 and 99). Other tracings show a coronary type of curve of the Ti variety 
(Fig. 100), or the Tg variety (Fig. 101), while others may show T inversion in all 
limb leads (Fig. 102). 

Myotonia atrophica 

The changes which commonly characterize the electrocardiogram of myotonia 
atrophica include prolongation of the P-R period, low voltage of the P wave, 
slurring of the QRS complex, and left axis deviation (Figs. 103 and 104). 

Periodic paralysis 

The electrocardiogram of familial periodic paralysis is normal except during the 
attacks when the P— R and QRS periods become prolonged and the T waves 
low or inverted. The changes are related to the serum potassium value which 
is lowered during the attack. The cardiogram returns to normal at the end of 
the paralytic attack, whether spontaneous or brought about by the administration 
of potassium salts. 
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OTHER CONDITIONS 
Diphtheria . ' 

The cardiogram is often abnormal in diphtheria and especially when the illness 
is judged to be severe on clinical grounds. The changes include heart block, 



Fig. 107.— The rate is normal. The rhythm is regular. The P-R period is normal. L.A.D. 
The T wave is low in lead tl and inverted in leads III and CR,. Both the R-T deviation and 
T wave inversion in lead III are accentuated in the second lead III which was recorded during 
deep breathing. 

bundle branch block, depression of the R-T segment, inversion of the T waves, 
sinus bradycardia, auricular fibrillation and auricular tachycardia. 

POSTURE 

Sometimes a low amplitude or even inversion of the T wave in lead II may occur 
in the sitting or standing posture in health, and in this event recumbency with 
elevation of the diaphragm at full expiration may correct the deformity. 



Lm tifti 



Fig t08 — Inversion or iheT wave in carduc infarction vhown m (A) is tenporarilv raised bv 
inhahlion of amyt itiinic as Shown in (H> ’ 



Fio 109 — ^The rate is normal The rhythm is regular The P R per od k normal No asis 
deviation The T wave is opo^ht inalljeads in (A) but is low or tnv cried m (B1 aflerdigitalisa 







74 


ELECTROCARDIOGRAPHY 


Of far greater frequency, as the result of elevation of the diaphragm from 
any cause, are changes in lead III ; these include inversion of the QRS, T and P 
waves separately or together (Fig. 105). On deep inspiration, which depresses 
the diaphragm, the deformity is partially or wholly corrected (Fig. 106). Such 
a test is useful in differentiating these changes from those found in coronary 
disease or posterior cardiac infarction where the deformed T wave remains 
uncorrected by deep inspiration (Fig. 107) ; examination of the T wave in leads 
II and CR, will also help in diagnosis. 

AMYL NITRITE AND EXERCISE 

Inhalation of amyl nitrite will often correct temporarily the inverted T wave 
found in coronary disease (Fig. 108). This effect is also seen in the case of the 
deformed T wave of hypertension or aortic valvular disease. 

Tachycardia induced by exercise may increase the partly inverted T wave of 
cardiac infarction, but it may often correct it. 

QUINIDINE 

The effect of quinidine in auricular tachycardia and auricular fibrillation is to 
slow the auricular rate and to quicken the ventricular. Its action in sinus rhythm 
is to lengthen the P-R and QRS periods, and to decrease the height of the T wave. 

DIGITALIS 

Digitalis is without much effect upon the heart rate in sinus rhythm, slowing 
it only a little, but the ventricular rate is effectively slowed in auricular fibrillation. 
Auricular flutter or auricular tachycardia is often converted into fibrillation by 
digitalis. A characteristic effect of digitalis therapy is depression of the R-T 
segment, and a decrease in the amplitude of the T wave which eventually becomes 
inverted and emerged into the depressed segment (Figs. 109 and 110). It often 
lengthens the P-R period and occasionally it produces partial heart block. In 
organic heart disease, digitalis in full therapeutic doses frequently gives rise to 
extrasystoles and this may result in a bigeminal pulse. 


TEST ELECTROCARDIOGRAMS 

Now that the electrocardiogram for the separate clinical conditions has been 
described, and the reader is familiar with the scheme already outlined and which 
facilitates the interpretation of the tracing, it is opportune to exhibit a number 
of cardiograms for diagnosis. Each one should be read in accordance with the 



TEST electrocardiograms 


scheme and a diagnosis pronounced before consulting the key to such test 
cardjograms ivhich is found on page 92 . 
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KEY TO TEST ELECTROCARDIOGRAMS 

Fig. 111. — The ventricular rate is slow. The rhythm is irregular from 2 to 1 
heart block. The P wave is small in HI. The T wave is low in I and inverted in 
II and III. The Q wave is prominent in II and especially in III. The R-T segment 
is depressed in I and deviated upwards (Pardee sign) in II and III. Recent cardiac 
infarction (posterior) with heart block. (In this and in subsequent key legends 
the cardiographic diagnosis is given in italics). 

Fig. 112. — The rate is normal. The rhythm is regular. The P-R period is 
normal. Slight R.A.D. The T wave is upright in all leads. The R-T segment is 
elevated in all leads, especially in I and CR,. Recent cardiac infarction (anterior). 

Fig. 1 1 3. — The rate is very slow. The rhythm is irregular from heart block 
and at times there is auricular standstill. No axis deviation. The T wave is 
inverted in lead I. Heart block with sometimes auricular standstill from cardiac 
infarction (anterior). 

Fig. 114. — ^The rate is normal. The rhythm is regular. The P-R period is normal. 
No electrical axis deviation. The T wave is upright in all leads. Physiological 
tracing. 

Fig. 115. — ^The rate is slow. The rhythm is irregular from complete heart block. 
The P waves are hardly visible in the limb leads and are best seen in CRj. No 
axis deviation. The T wave is inverted in III and is low in CRi. Complete 
heart block. 

Fig. 116. — The rate is slow. The rhythm is irregular from complete heart block. 
L.A.D. Left bundle branch block. Complete and bundle branch block. 

Fig. 117. — ^The rate is rapid. The rhythm is regular. The P-R period is full. 
R.A.D. The P wave is tall and spiky in II and CRj. The T wave is inverted 
in III and CR^. Splintering of the QRS with hardly an S wave in CRj. Right 
axis deviation and right ventricular preponderance in Fallot’’ s congenital heart 
disease. 

Fig. 118. — ^The rate is very slow. The rhythm is irregular from auricular fibrilla- 
tion where the “ f ” waves are hardly visible in the limb leads but are prominent 
in CRj. QRS complexes wide. The T waves are inverted in the three limb leads. 
Slow auricular fibrillation and bundle branch block. 

Fig. 119. — ^The rate is normal. The rhythm is abnormal from nodal extrasystoles. 
The P-R period is normal. L.A.D. The T wave is low in I and inverted in II 
and 111. Extrasystoles in cardiac infarction (posterior). 

Fig. 120. — ^The rate is slow. The rhythm is irregular in lead II from ventricular 
escape. No axis deviation. The T waves are upright in all leads. Ventricular 
escape in sinus bradycardia. 

Fig. 121. — ^The rate is normal. The rhythm is regular. The P-R period is not 
prolonged. R.A.D. The P wave is bifid and the QRS wide. The T wave in 
lead III is inverted. Mitral stenosis and auricular septal defect (Lutembacher’s 
syndrome). 
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Fig 122 — rale js not rapid The rhythm is irregular from auncuhr ebnlla 
Prominent "f” waves T wasc inverted in lead I Auricular 
portllaiion m aortic incompetence and mitral stenosis 

Fig 123 —The rate IS a little slow The th>thm is regular The P-R period is 
normal The S ivave is deep and iv ide in leads I and [1 The T wave is ins-erted 
m lead III Hight bundle branch block. 

Fig 124— The rate is no mnl The rfijnhm is regular The P-R period is shahti) 
prolonged RAD The QRS is directed upwards in CRj and downwards 
in CR, The T wave is inverted in leads III and CR, Right ventricular pnpon- 
derance in pulmonary stenosis (P M control) 

Fig 125 — The rate is a little rapid The rh\thm u regular The P-R period 
IS norma] No axis deviation The P wave is inverted m leads U and III The 
T wave is diphasic in lead III A D was e is seen m lead I A displaced pace- 
maker or parasmus rhy thm 

Fig 126 — The rate is normal The rhythm is regular The P-R period is short 
No axis deviation The T wave is inserted in leads II, III and CR,. and is low 
in CR 7 Temporary effects following an attack of paroxysmal tachycardia 
Fig 127 — ^The rate is normal The rhythm is irregular from auricular fibrillation 
and alternating exlrasystolesr Small voltage m lead I The f ’ waves are 
more prominent m CR, The R-T segment is depressed in leads II and III 
Coupling effect in auricular fibrillation from digitalisation 
Fig 128 — The rate is normal The rhythm is regular The P R pcricKi is 
normal No axis deviation The T wave is inverted in leads I and CR, and less 


inverted in CR- Cardiac infarction {anterior) 

Fig 129— The rate is a little rapid The rhythm is irregular from auricular 
and nodal extrasystoles The P-R period is normal LAD The T wave is 
inverted in leads II and III Cardiac infarction (posterior) and extrasystoles 
Fig 130 —The rate is very slow The rhythm is irregular from auncuhr 
fibrillation LAD The QRS complexes are wide and the T w^ves are written 
m the opposite direction to the QRS Auricular fibrillation and left bundle branch 
block 


Fig 131 —The ventricular rate is slow The rhythm is irregular front complete 
heart block Slight RAD ThcTwavc is upright m all leads Complete heart block 
Fig 132— The rate is a little rapid The rhythm is regular except 
auricular extrasystole in lead I The P-R period is a little prolonged L / U 
The QRS complexes are wide and the T waves arc written m the opposite direction 
to the QRS Left bundle branch block 

Fig 133 -The rate is not rapid The rhythm is irregular from uuritm ar 
fibnllatjon RAD The T wave is diphasic m lead II and inverted ut leads I 
andCR, The S wave is absent m CR, Auricular fibrillation in mitral stenosis 


nith pulmonary mcompelence 
Fig 134 —The rate is normal 
and alternating extns)^tofes 


The rhythm is irregular from auricubr fibrillation 
lad The T wave is low m most lead* with 
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Fig 145— The rate is very rapid in leads T and Til but is slow in second half 
of lead II A“V dissociation is not apparent In the first iso! ited beat m k id 11, 
an inverted P wave is placed in front of the T wave but does not initiate its own 
ventricular complex Parox\ sntal tacky card a (parasima) \ulh a hfocked auricular 
extrasystole after s/oh smus rfntfmt has been remstated 
Ftc 146 — ^The rate is normal The rhythm is irregular from auricular fibrillation 
No axis deviation The T wave is slightly inverted in leads I and CR, and mort 
inverted in III Tf and IVR Auricular fihrdlation in constrictive pericarditis 
Fig 147 — The rate is normal At first sight the rhythm appears to be abnorm il 
from heart block where the P seems to coincide with the T wave in CRj however 
the presence of two nodal extrasystoles suggests a sinus oriem for the standard 
rhythm The P R period is slightly prolonged No axis deviation The R T 
segment is depressed in 1 Slight but si^nipcant changes in a child iMih rheumatic 
feier 

Fig 148 — ^The rate is a little rapid The rhythm is irrenilar from auricular 
fibrillation and extrasystoles LAD The T wave is inverted m letds I and CR 
The R-T segment is raised in IVR lurtcular fibnUauon in aortic mcompetettce 



PART n 

PHONOCARDIOGRAPHY 

INTRODUCTORY 

Heart sounds and murmurs may be recorded fay difTcrerkt physical devices but 
all the records shown here have been registered bv the string galvanometer 
The chest piece consisted of a tambour ^\hose taut elastic membrane formini, 
the diaphragm earned a metal disc gummed to its inner surface Thence tfiv 
sound waves were conducted through a glass tube (46 centimetres long) into i 
carbon microphone and an amplifier supplied b> a 4-volt battery The initiated 
electrical current was led into one unit of a double string gahmomeur and the 
movement of the fibre photographed A sound record has no value unless it is 
examined alongside some other record of the separate phases ol the cardiac 
cycle , the electrocardiogram provides such a control, and when this was recorded 
by the second string of the galvanometer, both the elairocardiognm and the 
phonocardiogram were traced simultaneously on the same phle 
Phonocardiography need not become a routine test in every case of heart 
disease, but it has proved indispensable m establishing a clinic il classifii. luon 
for added heart sounds creating a triple and even a quadruple rh>ibjTj and in 
solving many problems connected with innocent as well as oraanic murmurs 
Should an auscultatory sign continue to be uncertain on clinical examination 
phonocardiography will help to cxplnin it, and for this reason it is nec»sary to 
be acquainted with the test 


HE.VRT SOUNDS 

When the phonocardiogram is traced aloni^ide the elccirocardio'»ram (I ig 149) 
m the way described the relation of the separate tnoi(-tiss ol the t*vo curves iv 
as follows Tlie auricular sound commences to be recorded at or towards the 
end of the P wave of the electrocardiognm The ventricular sound starts within 
the R-S period and is superimposed on the last phase of the auricular sound 
the duration of the auricular sound may be appreciated from a record taken in 
complete heart block (Fias 150 and 198) m which the whole of the auriculir sound 
IS recorded without interruption occasioned by the ventricular sound Thesexrond 
heart sound commences at i point correspondinc with the end of the T w iv,., 
although its exact incidence should bejudged in relation to the jugul ir tracin'* 


spuniNO or nr-Atcr sounds 


It is incorrect to speak of duplication, reduplication, or <iouWing of 
sounds, TTie first heart sound is made up of two component^ the 
by aurtcular s>stole and the other by ventncuhr systole , under no ciaumvunce 



Fig. 151. Spliuing of the first heart sound. The auricular moiety (a) of the sound is relatively 
more prominent than the ventricular (v). 
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cn^J**^** doubled but there is often splitting or sepiration of 

h^art sound produced by^closure of 
saluting"' ‘s never doubled although it may again show 


Splitting of the first heart sound 

If the first heart sound appears to display a dual nature on clinical auscultation 
It IS the result of either slight separation of thcauricularand ventricular components 
or the accentuation of one over the other Thus the mechanism is a form of 
splitting and no additional sound has b<.en introduced The importance of this 
physical sign lies m the frequency with which it is mistaken for the presystolic 
murmur of mitnl stenosis It is a common sign and is met with in three 
circumstances 



Fjq 152 — ^Spliiting of the f rsi i cart sound The scninoilar tnoieiy (*) of ihe wun I if more 
prom neni than the dur eubr (u) 


In health —Splitting of the first heart sound (abbreviated 1) in the mitral area 
IS found commonly in healthy subjects at all ages No sign of heirt disease cm 
be identified with this auscultatorv finding on clinicdl or radiolocicat examination 
The electrocardiogram too 1 normil and the P R period is not prolonged 
The phonocardiogram is distinctive and shows an exaceeration either of the 
auricular sound wave the auncuhr type (He 151) or less commonly of ifie 
ventricular wave the vcnlncular variety (Fig. 15'’) Th- splitting shown by 
patients with hypertension also conforms w ith one of these two varieties idcntifie,! 


Sphtting of the first heart sound may b. told from « 

Its abruptness ft rup compared with thur rup) bv its site of Greatest audibility 
over the »pLtemum and in that it is louder in the upncht posture Splitting 
IS a commm finding m depression of ihe sternum probabiv on account of the 

protimtiy <>f to expect that moderate separation 

X aJSTand ^n^cul^r con,pcnen« or,h. f ^ 

Of delay ,n the aunculoventricubr conduction of ih- h.art impulse w.iu„e 
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rise to splitting on auscultation (Fig. 153). A greater separation would produce 
two distinct sounds initiating triple rhythm. As the P-R period which causes 
splitting is only a little in excess of 0-2 second, any subject presenting this sign 
should not, on this count alone, be considered abnormal. 
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Fig. 153. — Splitting of the first heart sound in delayed A.-V conduction which has prolonged the 
P-R period. 

In bundle branch block. — Corresponding with a lengthening of the R-S period in the 
electrocardiogram of bundle branch block, is a delay in the appearance of the 
ventricular part of the first heart sound (Fig. 1 54). Since the P-R period is also 
frequently prolonged in bundle branch block, the common incidence of splitting of 



Fig. 154. — Splitting of the first heart sound in bundle branch block ; the ventricular part of the 
first heart sound (v) is delayed on account of the prolonged R-S period. 

the first heart sound in this condition is readily understood. Indeed, this auscul- 
tatory sign in elderly subjects should direct attention to the possibility of a lesion 
of the bundle, and an electrocardiogram should be a routine test in such cases. 

Splitting of the pulmonary second heart sound 

When the second sound in the pulmonary area is accentuated it usually demon- 
strates splitting as well. It is improbable that the splitting is caused by the 
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iwlmonary valve closing before the aortic for in the phonocardiogrim {Fie 155) 
the second sound ts no earlier than the normal but it lasts loncer and this effect 
might be the outcome of vibration within the pulmonary artery after the closure 
of the valves Althouah the sign is commonly found in conditions associated 
vvith raised blood pressure in the pulmonary circuhtion notably mitral stenosis 
and congenita! heart disease it is often present in healthy young subjects and 
therefore is without significance as a sign for by itself it cinnot help in diagnosis 



Fig 155 —Splitting of the second heart sound jn the pulmonary area The second sound js 
prolonged and it has not started before its customary place The th rd heart sound s beyond 
the second heart sound 

TRIPIX HEART RHYTHM 

By triple rhythm is meant the cadence produced when three separate sounds 
recur in succeeding cardiac cycles ft is a common auscultatory sign and in 
patients referred for examimtion of the heart at least it is as common as the 
familiar dual rhythm produced by the tint and second heart sounds The 
appreciation of this common incidence of tripL rhythm will come to us as soon 
as \vc adopt during clinical auscultation the simple form of sclf-catechism 
‘ Do I hear more than two heart sounds ? ’* 

A clinical classification of triple rhythm should deal with its cause in terms of 
heart disease and should deliberately exclude conjecture concerning the actual 
mechanism of the added sound When the position of the heart sound in the 
cardiac cycle is considered alongside the clinical state in patients with triple 
rhythm it is possible to place them in three groups (Fie 156 and Table HI) 
As a rule except under the handicap of tachycardia the position of the extra 
sound can be told by auscuUaUon aided by the clinical data and without phoao 
cardiographv although the test is necessary for the interpretation of a difficult 
case 

Addition of the third heart sound 

In this group the added sound appears early in diastole and is the third heart 
sound The auscultatory sicn is found in young healthy subjects or in cases of 
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TABLE III. Comparing the characteristics of the three diffe rent types of triple heart rhythm. 

of the third heart sound Addition of the fourth heart sound ^‘^‘^'''‘^laic’^sy^toie'^'^ 


PJacc of the 
added sound 
in cardiac 
cycle 









rl^Si 



In health 


In right ventricular 
failure 

Mitral stenosis 
Hypertension 
Congenital heart 
disease 

Thyroid toxaemia 
Emphysema ; pri- 
mary pulmonary 
hypertension ; 
pulmonary em- 
bolism 
Anaemia 
Constrictive peri- 
carditis 

Cardiac infarction 
Familial cardio- 
megaly 


In delayed 
A-V con- 
duction 


In left ventricular 
failure 
Hypertension 
Aortic incompe- 
tence 

Cardiac infarction 


In health 


mal intensity 


Effect of erect 
posture 


Effect of auri- 
cular fibrilla- 
tion 

Radiological 

features 


Probable 

mechanism 


Special fea- 
tures 


Internal to 
mitral area 

Over displaced 
apex beat ; at 
xiphisternum 

Internal to 
mitral area 

At xiphisternum ; 
over displaced 
apex beat 

Usually dis- 
appears 

Persists 

Persists 

Persists 

None 

None 

Disappears 

Disappears 

Pulmonary 
artery full 

Right heart en- 
larged 

None 

Left heart en- 
larged : pulmon- 
ary congestion 

Vibration of 
from inrush 
diastole 

' ventricular wall 
of blood in early 

Auricular 

contraction 

Vibration of hypo- 
tonic ventricle 
from auricular 
systole 

In young sub- 
jects : never 
after 40 

• Sound is followed 
by murmur in 
mitral stenosis 

! 

Usual cause 
of triple 
rhythm in 
bundle 
branch 
block 

Double systolic 
impulse felt 


Internal to mitral area 



innocent murmur in 
late systole 


Ml 

.iu I tVj 
















HEART SOUNDS 


103 


right heart failure Recognition ot each kind comes from a regard of the site of 
maximal intensity of the sound, the effect of posture upon it and the presence 
or absence of heart disease 
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Fig 156— Scheme showing the position of added sounds m inplc and dnadrupL rh>thm 
S IS the added sound m late systole 



The third heart sound In health —This 
IS best heard a little intemnl to the apex 


innocent kind oftriple rhythm (Hg 157) 
beat in ilie reclining ^sture, and it usually 
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becomes inaudible in the upright posture, especially on deep inspiration (Fig. 158) 
unless there is tachycardia causing it to persist ; it is a sign common in children 
and in youths, much less common after 25 years, and is seldom if ever heard after 
40. If the third heart sound, elicited by auscultation in a subject over 40, is ever 
regarded as incidental, the deduction should not be made lightly, and only when 
the electrocardiogram shows no elongation of the P-R period (with or without 
bundle branch block), when cardioscopy shows no cardiac enlargement (minimal 
in heart failure from cardiac infarction, emphysema, constrictive pericarditis, and 
thyroid toxaemia), and when the phonocardiogram has demonstrated an obvious 
third heart sound. When such rules are applied, it is likely that very few, if any, 
instances of triple heart rhythm from addition of the third heart sound will be 
found in healthy subjects over the age of 40. It is this truth which invests such 
importance in this auscultatory sign. On cardioscopy slight prominence of the 



Fig. 158. — Triple rhythm from addition of the third heart .sound in a healthy subject in the 
reclining posture (A), disappciircd in the upright posture (B). 

pulmonary artery is often present in subjects showing this triple rhythm (Fig. 159), 
and the T wave in the CRj cardiogram is frequently inverted ; such might be 
regarded as the triad which indicates physiological right heart preponderance. 

The third heart .sound in right ventricular failure. — Here the tliird heart sound 
is loudest over the displaced apex beat ; it persists with the patient in the upright 
posture, and there is evidence of disease which has caused enlargement or failure of 
the right heart, such as mitral stenosis, hypertension, thyroid toxaemia, congenital 
heart disease, emphysema, pulmonary embolism, primary pulmonary hypertension, 
constrictive pericarditis, anaemia, cardiac infarction, or familial cardiomegaly. This 
kind of triple rhythm is not limited to young subjects as is the innocent variety, and 
it bears repeating that a third heart sound in a patient over 40 indicates right heart 
failure, and one of the enumerated causes should be sought to account for it. 

This triple rhythm is common in mitral stenosis (Fig. fdO) and the addition 
of auricular fibrillation docs not affect it (Fig. 161). In lone auricular fibrillation 
where the heart is not enlarged the third heart sound is not exhibited. Frequently 



heart sounds 
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Fig. 160. — Mitral stenosis. Triple rhythm due to addition of the third heart sound ; this sound is 
followed by a mid-diastolic murmur. 



Fig. 161. — Auricular fibrillation in mitral stenosis. The third heart sound is prominent. 
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the clear th/rd heart sound in mitral stenosis gives %vny to tJie character ishr- 
conticuous ^\(th the third heart sound 

When the left ventricle fads in !npertensto>] a triple rhythm due to (he addition of 
commonplace but when the nght heart has failed it is 
the third heart sound which often creates the triple rhythm Although the former 
sariety miy gne wij to (he htler is the disease progresses the triple rhythm 
initiated by the addition of the third heart sound might be the first to anoear 
m many patients with hypertensive heart failure (Fjg 162) The rhythm mav 
disappear on clinical auscultation for a time during treatment by rest and mercurnl 
diuretics 


Triple rhythm m l/i\roid foxaemia due to the addition of the third heart sound 
means that enlargement of the right heart and pulmonary artery has been a 



Fio 163 — ^Auricular scpui defect Apart f um s> stoic aed d astoU mormurs (M) there tj 
tr pic rhylhm from addition of the th rd heart sound (3) 'h ch follow s on the early diajtol c 
mutmi r 


complication of the condition Cirdiac enlargement is not present m those 
cases with thyroid disease which show dull rhsthm 

Not all cases of conxiefiita! / eart dist isi show this Kind of triple rhvthrn but 
m those that do great enlargement of the right heart is a feature Auricular 
septal defect (Fig J63) is a congenita! anoniaI> which almost mwinably mitiaiej 
triple rhjthm 

Clinical heart failure with conspicuous cnlarccment of the n^t heart is rare 
m emphvsetm, but fnlure can he presumed present if tnplc rhythm is found 
m a patient with emphysema (Fig 164) The finding of this luscultatoty sign 
is an imporUat event in such a case because U sign Res that the patient cannot 
survive for many months Tht same triple rhjthm may be ht trd in the uncommon 

condiUoa ot priman pulniomry In pericfiston 

Triple rhythm from addition of the third heart s( und 
sign in a patient tnken suddenlv ill with severe shortness of ggests 
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the di;tgnosis of pulmonary embolism Indeed, it supplies the most rehible due 
in the recognition of this critical illness apart from eJectrocardiosraphy 

The third heart sound is always present in constnuiM pericarditis which causes 
symptoms (Fig 165), and for this reason it i^ a sian ot great importance when 
such a diagnosis is entertained 

When the heart is enlarged in anaemia a triple rhythm from addition of the 
third heart sound is a common finding (Fig 166) 

Cardiac infarction may also cause this kind of triple rhjthm and it is a 
noticeable sign in familial cardiomegaly 

h 

Addition of the fourth heart sound 

Since the adventitious sound in this form of triple rhythm occupies a phcc hler 
in diastole than that occupied by the third heart sound it m'ly be called the fourth 



sound and it immediately precedes the first ^ ^ ^°J}/dur,ngaufiaiIar 

=v<:r,.h=,™m»fa.mo.etyor>hefirsth»r 

systole In this variety of triple rhythm a • ^ appears onl> 

the supernumerary sound is delayed m the second, although the 

when auTiculosentricular conduction I ^ regulated con 

sound js produced m or by the left ^foduciion Both sanctics therefore 
traction of the auricle is necessary for its production 

are not heard m auricular fibrillation i^caithy subjects the sound 

The fourth heart sound In dclajed A- _j.jed bj the phonocardioerapb, but 
produced by auncular s>-stoIc is ca y hinders the appreciation b} 

its proximity to the sound of ^ ^thTfirst heart sound ^Vhcn 

ehmeal auscultation of these separate moie t electrocardiogram i. 

A-V conduction is delayed especially m young 

prolonged to 0 22 second, or over, it is usually po 
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subjects, to hear both auricular and ventricular sounds which along with the 
second heart sound, create a triple rhythm (Fig. 167). This triple rhythm, best 
heard a little internal to the mitral area and persisting in the upright posture, 
does not itself tell of heart disease because some 50 per cent of the subjects 
presenting it can be counted as healthy. Occasionally the auricular sound is so 
separated from the ventricular sound on account of the lengthened P-R period 



Fig. 168. — A lengthened P-R period in bundle branch block producing triple rhythm from addi- 
tion of the fourth heart sound which appears so soon after the second heart sound as to make 
it appetir clinically as triple rhythm from addition of the third heart sound. 



Fig. 169. — Hypertensive heart failure. Triple rhythm from addition of the fourth heart sound ; 
this sound starts before the end of the P wave. 


that it approximates the second heart sound (Fig. 168) and so may be mistaken 
for the third heart sound and its corresponding triple rhythm. 

The fourth heart sound in left ventricular failure. — The extra sound from lengthening 
of the P-R period commences at the end of the P wave, but the sound in left 
ventricular failure commences earlier and often at a point corresponding with 
the summit of the, P wave or even earlier. Hypertension is the usual cause 
of left ventricular failure initiating this form of triple rhythm (Fig. 169) although 
it is met with in some cases of aortic incompetence (Fig. 170). Cardiac infarction 
may sometimes initiate this kind of triple rhythm on its own, although it is 
commoner when it precipitates heart failure in hypertension. The abnormal rhythm 



HEART SOLNDS 


HI 


IS sometimes best appreented o\er thi. li pi J ^pex beat, but usually it is best 
heard at the xiphistemum 

During tachjeardia the places occup d 1 the third and fourth heart sounds 
coincide producing a summation efllcf H 171) 
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Addition of a sound in late systole 

This kind of triple rhythm (Fig. 172) is likely to be mistaken for the one arising 
from addition of the third heart sound, but careful auscultation should readily 
localize the supernumerary sound in front of and not following the second sound. 
This auscultatory sign is uncommon, but when found it is not evidence of heart 
disease for the subjects presenting it are healthy. Its position in systole 
corresponds with that of the late systolic murmur which is also an innocent finding. 



Fig. 173.— Quadruple heart rhythm. The third heart sound is present because of mitral stenosis, 
and the fourth heart sound is added because the P-R period is prolonged. 



Fig. 174.— The S line is drawn through a point in the electrocardiogram 
of the S wave. It is an important landmark in the phonocardiogram. 


which marks the finish 


QUADRUPLE HEART RHYTHM 

There are a few ways in which the main or lesser varieties of triple rhythm may 
combine to produce a quadruple rhythm. The commonest is the combination 
of a delay in A-V conduction with one of the causes of right heart failure (Fig. 173). 


HEART MURMURS 

In the graphic interpretation of heart murmurs another landmark in the phono- 
cardiogram has to be described in relation to the electrocardiogram It is a 
line drawn from a point marking the end of the S wave in the electrocardiogram 
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to meet the sound record f fiavc named tins the S Ime (Fjg 174) It is certain 
that a murmur starting at this line occurs during the early "phase of ventricular 
systole, and one starting before it commences during auricular systole 
To distinguish between the graphic representation of heart sounds and heart 
murmurs attention should be paid to the frequency of the vibrations Thesearc 
infrequent and coarse m the case of heart sounds and frequent and finer in the 
case of murmurs (Fig 175) 

THE tN\OCEVT MITRAL SYffTOLlC MLilMURS 
When the clinical cardioscopic and ciirdiographic findings in a senes of health) 
subjects with innocent murmurs in the mitral arei were studied it was found 
that they belonged to one of five groups 



1 Lr:..s I 

Fig 175 —Diagram showing the coarse vibrations of the heart sound (S)and the finer Vibniions of 
the murmur (M) 

The murmur of reclining posture 

The murmur in subjects forming this group is not loud and on this account it 
sometimes disappears to auscultation on deep inspiration It is blowing in 
character The murmur is louder m the reclining posture when a similar 
murmur develops in the pulmonarj area In some instances the pulmona^ 
murmur is audible in the upright posture m this esent it is louder than the 
mitral murmur when the reclining posture is assumed The mumur of reclining 
posture IS common m young subjects less common after 30 and unknown aft<^ 
40 In the phonocardiogram (Fig 176) the murmur is mid systolic in time and 
commences some distance beyond the S Ime 


The murmur of upright posture 

In this instance, too, the murmur is not loud and on this actount it sometimes 
disappears to auscultation on deep inspiration It is Wowing m charade 
Although distinctly audible m the reclining posture the murmur h«rd 

in the upright position It is common m young subjects, kss common nficr 




Fig. 177. — ^The innocent systolic murmur of upright posture. The murmur (M) stJirts in mid- 
systole and some way beyond the S line. 



Fig. 178. — ^The loud variety of innocent systolic murmur. The murmur (M) starts in mid-systole 
and some way beyond the S line. 
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30, and is unknown after 40 In (he phonocardiogram (Fig 177) the murmur is 
mid-sjstohc m time as m the previous group and commences some distance beyond 
the S Jme 

The load rarietj 

This murmur is also confined to young subjects, and lUhough loud its character 
IS blowing or whiffy suggesting llie high frequency of the vibrations which initiate 
It Posture affects its distribution more than its intensity so that in the upright 
position It can be heard far into the left axilla, while m the reclining posture it 
spreads upwards a little and towards the sternum In the phonocardiogram 
(Fig 178) the murmur is situated in mid-systole, and occasionally it is possible 
to tell this on auscultation by recognizing the gap between the first heart sound 
and the murmur 



Fig 179 — ^The innocent pamstemal mmmor The murmur (M) staris in mid s>stoIc be>ond the 
S line and docs not last as far as the second heart sound 

The parasternal murmur 

The parasternal murmur, roo, is loud and therefore it seldom disappears on deep 
inspiration Its blowing or whiffy character is usually a noticeable feiture 
Posture has little influence on the murmur, which cm occur at any age Its 
distinctise feature is that it is best heard m the fourth intercostal space near the 
left border of the sternum, but unlike the murmur of ventricular septal defect U 
IS not accompanied by a thnll There is also no cardiac enlargement In the 
phonocardiogram (Fig 179) the murmur ts seen to commence after the S line 
and to occupy raid systole , occasionally auscultation can identify the short gap 
separating the murmur ftom the first heart sound 

The murmur in late sj stole 

This murmur, too, is loud and on this account it is seldom abolished b> deep 
inspiration Occasionally it is better heard in the upncht posture The 
distinctive feiture of this murmur, which occurs m healthy subjects of any age. 
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is its position in late systole ; this can be readily told on clinical auscultation 
because the murmur is placed nearer to the second than to the first heart sound, 
a position confirmed by phonocardiography (Fig. 180). Doubtless this innocent 
murmur is related to the innocent sound in late systole which initiates an innocent 
form of triple rhythm. 


THE ORGANIC MITRAL MURMURS 

When a systolic murmur in the mitral area is loud and has none of the distin- 
guishing features of the innocent murmurs, and is better heard in the reclining 
posture, it is the outcome of mitral stenosis, aortic stenosis or sclerosis, 
aortic incompetence, hypertension, the enlarged heart of complete heart block, 
or anaemia. The diagnosis of the particular condition causing the murmur is 



Fig. 180. — The innocent murmur in late systole. The murmur (M) starts far beyond the S line 
near the commencement of the T wave and finishes at the second heart sound. 

made on other grounds than on the character of the systolic murmur because 
this might be the same in all of them, at least on clinical auscultation. 

Mitral stenosis 

Although it is unsafe in the majority of cases to opine, on clinical examination 
alone, that a systolic murmur occupies early systole or mid-systole, if the systolic 
murmur is distinctly separated from the first heart sound which precedes it, 
it occupies mid-systole, starting after the S line in the phonocardiogram, and 
it is not caused by mitral stenosis. The systolic murmur of mitral stenosis in the 
majority of cases occupies auricular systole and commences in front of 
the S line (Figs. 181, 182 and 183). In a few cases the murmur has started at the 
S line which marks the early phase of ventricular contraction (Fig. 184), but 
even in them a mid-diastolic murmur gives proof of the presence of mitral stenosis. 
In cases where the significance of a systolic mitral murmur is in doubt the phono- 
cardiogram can materially aid diagnosis. 

Should the murmur of mitral stenosis possess the characteristics of the 
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presystolic murmur, the phonocardiogram (Figs 38J and 185) \wH show 
startijig early and usually in auricular systole, as m the case of the 
sysiohc murmur The crescendo character of this murmur is founded on the 



Fic, 18} — The position of mural svsiotic murmur {rrprrsenfed by bisck lines) in rvUtion lo the 
electrocardiogram in 40 patients with mitnl stenosis {20 with a prcsvstolie and 20 with a sys 
tolic murmur) and in 40 healthy subjects with innocent munnurs {“MJ u ith the murmur m mid 
systole and 20 in late svstole) Figures denote ages Numerals in the third column designate 
the dimcal classification for innocent murmurs thus R is the muernur of racf/nmg posture U 
the murtnnr of vpnght posture and L the loud varwly 


auditory impression caused by the abrupt accentuation of the first heart sound 
associated with the murmur, but the gnpbic representation of the condition 
shows no crescendo effect 

The phonocardiogram of auricular murmurs of mitral stenosis may be 







118 


PHONOCARDIOGRAPHY 



Flo. 182. — Mitral stenosis in which a systolic murmur was heard. This murmur (M) is produced 
during auricular systole and is continuous with the mid-diastolic murmur. 


II 



Fig. 183. — Mitral stenosis in which auscultation showed a systolic murmur. The murmur (M) is 
recorded during auricular systole. 
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Fig. 184. — Mitral stenosis in which auscultation showed a systolic murmur. The murmur (M) in 
this instance starts at the S line, but a mid-diastolic murmur is also recorded after the third 
heart sound (3) providing the diagnosis of mitral stenosis and not mitral incompetence. The 
P in the electrocardiogram is of small voltage and this association was almost invariable in the 
infrequent cases showing the murmur as late as the S line. 





Fio {S'— The normal iUTKUhc ^lastolK mumur TTf lengthen^ A 
murmur to be recorded becauw it is not interrupted b> the ^cntncular part of the int heart 
sound There is also sfx> vn an mnoi-wit mormur in m d systole 
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simulated by two conditions, namely, acute pericarditis (Fig. 186), and the 
natural auricular diastolic murmur in a lengthened P-R period (Fig. 187). 

The mid-diastolic murmur is a certain sign of mitral stenosis. The phonocardio- 
gram (Figs. 188 and 189) illustrates the contiguity of this murmur with the third 



Fig. 188. — Mitral stenosis. The mid-diastolic murmur (M) begins at the third heart sound. The 
systolic murmur (SM) commences in auricular systole. 



Fig. 189. — Mitral stenosis. The mid-diastolic murmur (M) is contiguous with the auricular 
systolic murmur (SM). 


heart sound. When diastole is brief the murmur is continued from the third heart 
sound into the auricular murmur (Fig. 190); this continuation of the mid- 
diastolic murmur explains the impression gained from auscultation in some 
patients with mitral stenosis and auricular fibrillation that the murmur preserves 
the characteristics of a prcsystolic murmur (Fig. 191). The .importance of the 
mid-diastolic murmur is likely to be confirmed when phonocardiography comes 


HEART MURMURS 


I2I 


into common use, for m 74 pitients with mitral stenosj:, avarntned by this test 
the murmur was present in e\ery instance 

Aortic stenosis 

Every patient with aortic stenosis presents an obvious systolic murmur in the 



Fio 190 — Mitral stenosis The tnitl diastolic murmur (M) is conlnued inio auricular svsto'c 
(SM) 
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Fiq 191 Mitral stenosis with auricular librillat on The hrst nitd-dia>iolic murmur is spent 

before it reaches the first heart sound but the second one rcithes »t gnwt. the impression 
<rfx pmj ftoVvc iWivseMV /so 

mitral area, and often u is as prominent there as m the aortic area Under 
these circumstances the added diagnosis ot mitral stenosis is a common error 
fndeerf svhen aortic sfereosts ts extreme a«d he^rt fviure is present, the systolic 
murmur may be hardly audible in the aortic area although it «tll continue to 
be heard m the mitral area The phonocardiogram (fig 192) shem-s that the 
murmur commences at the S Jmc or a Jiille later sometime!., and there is never a 
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mid-diastolic murmur. An early diastolic murmur is often recorded graphically 
although it might not be possible to elicit it on auscultation. 

In elderly subjects it is common to find a roughish systolic murmur, confined 
to the mitral area in the reclining posture, but audible towards the aortic area 



Fig. 192. — Aortic stenosis. The systolic murmur (SM) starts at the S line. A diastolic murmur 
(M) follows the second heart sound » although this could not be elicited on clinical auscultation. 



Fig. 193. — Aortic valve sclerosis. The systolic murmur (M) starts at the S line. The second heart 
sound is not followed by a diastolic murmur. 


in the upright posture and on direct auscultation. In such patients evidence of 
heart disease is not found even on cardioscopy and a degree of aortic valvular 
sclerosis compatible with good health was the only abnormal finding at necropsy 
in two cases in which death was unconnected with the heart. The phonocardio- 
gram (Fig. 193) shows the murmur to start either at the S line or a little later in 
some instances. 
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Aortic incompetence 

A sjsfolic murmur in the mitral area is present in all cases nf 

although ,t IS seldom loud \^hen the lesion is early tSk 
sign shouM not by itself be accepted as evidence of added raitra! discaL The 
murmur startinc at the S line occup)mg 
early v^lricular systole, and contmuing up to the second heart sound The 
Austin Flint murmur (an alleged presystohe bntU in aortic mcompetence) has 
been tested by phonocardiography and the traonz has not been found to be in 



Fio 194 —Aortic incompetence The svstol c murmur (S\t) start:^ at the S ime and the d isioln. 
murmur (DM) follows ihe second heart sound 


Fia (95 — ^Aortic mcompeiencc The diasfoJic marrmir (M) fottois ihe wo/id heart sound 
Although a so-catlcd Austin Flint murmur was alleccd to be heard clinicallj there is nothing 
distinctiNC in the auncuhr and sentncular mOieUes of the first heart sound in the phonO' 
cardiogram 


any way distinctive (Fig 195) Sometimes it vs as exphmed by (he long diastolic 
murmur reaching as far as the first heart sound In fcrt? aortic incompetence the 
sj^tohe murmur occupies early ventricular systole, but when mitral stenosis is 
associated with aortic incompetence the murmur occurs in auricular systole 
The early diastolic murmur of aortic mcompeiencc follows immediately on 
the second sound and is the earliest clinical sign of the condition Oficn the 
phonocardiocram (Fic 196) has shown the presence of the murmur before it 
has been detected by auscultation and this is specially true in aortic stenosis, 
hypertension, and cardiac infarction with heart failure and enlargement 
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Hypertension 

When cardiomegaly Is a prominent feature of hypertension a systolic mitral 
murmur may be present ; the murmur is moderately loud, and better heard in 
the reclining posture, and superficially resembles the murmur of mitral stenosis. 
In the phonocardiogram, however, the murmur occupies mid-systole and 
commences after the S line (Fig. 197) and there is no mid-diastolic murmur. 



Fig. V96. — Aortic incompetence. A systolic murmur in this case was thought to be innocent 
until the phonocardiogram showed an early diastolic murmur (M) ; on re-examination by 
direct auscultation this murmur was easily heard. 





Fig. 197. — Hypertension and auricular fibrillation. The systolic murmur (M) starts in mid- 
systole and some distance beyond the S line. 

In hypertension, therefore, the presence of a systolic murmur in the mitral area 
should not be regarded as evidence of mitral stenosis unless there are other signs 
to support the diagnosis. If cardiac enlargement is not considerable, hyper- 
tension will seldom explain the presence of a systolic murmur. Should clinical 
and cardioscopic findings remain indecisive in the differential diagnosis of mitral 
stenosis and hypertension, when a systolic murmur is a prominent sign, a phono- 
cardiogram will help. 






tibART N^URMURS 

Complete A V block 

^ moderate ventr cuJar rate the heart does not 
shw much enlargement but w th j sJo» rate there is usually much efilarcement 
and such ^ses often showr a systol c murmur n the mrcral area The tnurmur 
IS Shown by the phonocardiogram (Fig 198) to occupy mid systole and to start 
alter the S line as m the case of the sy stol c murmur of hypertens on Somef raes 


Bjiass^ ■art !■■■ 


Fio 199 — CbinnleJe heart blcick The systol i. murmur (SM) s n mtd sj stole anU sum bc>ond 
the S 1 ne An earlv d asiot murmur (\J ) foilos^s the second heart sound lone auncutar 
sounds start at the end of the P wj -e and i shows a natural aur uhr d astol c mofTOor (a) 

in the case of aud bJe auricular sounds in complete heart block the naturai 
auricular diastol c murmur (Fig 199) may be heard 


Anaemia 

The systo] c murmur m anaetma is heard in the mitnl pulmonary and often 
nortic areas and is more obvious n the reel n ng posture ks a rule the murmur 
IS roughtsh in character and is quite often (oud AUhouch its miens ly is lessened 
by deep inspiration it is seldom abolished by this manoeuvre it naturally 
disippears iwth the successful treatment of the anacmn In the phonoc trd ogram 
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(Fig, 200) the murmur is seen to occupy mid-systole and commences after the 
S line. I have not met with a diastolic murmur. 

From the foregoing account it is clear that a systolic murmur in the mitral 
area which is the outcome of disease, may stand for any of the six conditions 
just enumerated, and other features, clinical or radiological, need to be considered 
before arriving at the cause of the murmur. Usually, such a study will readily 



Fig. 200. — Anaemia. The murmur (M) is in mid-systole and starts a little way beyond the S line. 



Fig. 201. — Coarctation of the aorta. The murmur (M) is in late systole. 


provide the diagnosis, but particularly in the differential diagnosis of mitral 
stenosis a phonocardiogram may be necessar}'. 

Murmurs of congenital heart disease 

In coarctation of the aorta a systolic murmur is heard along the sternal borders 
and towards the mitral area ; since the murmur is initiated in the hypertrophied 
arteries forming the collateral circulation it is recorded in mid-systole or even in 
late systole (Fig. 201). 






HEART murmurs j->7 

^ ^ murmur wanes m late systole the murniur usuaMv 

mtensity at a point coinciding with the beginning of the T tvate of 
the electrocardiogram until it reaches the second hcirt sound which it embraces 




bm u ceases before t(ie third heart sound is reached The relative intensity of 
the murmur m early and late ventncular sy’StoR vanes so that somciitncs it is 
louder in early systole (Fig 202) and other timcs) it is louder m late systole 
(Fig 203) 
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The innocent systolic nmnnnr in the pulmonary area is told from the murmur 
of pulmonary stenosis by its later appearance during systole, namely in mid- 
systole, and by its brevity, for it finishes before reaching the second heart sound 
(Fig. 204). 

The systolic murmur in auricular septal defect is of lesser importance than the 
early diastolic murmur which is usually present from pulmonary incompetence. 


IirJ"- 



Fig. 204. — The innocent murmur in the pulmonary area. It (M) starts in mid-systole a little 
distance beyond the S line, and has spent itself before the second heart sound is reached. 
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Fig. 205. — Auricular septal defect. The early diastolic murmur (M) follows immediately on the 
second heart sound. 

The murmur follows immediately on the second heart sound (Fig. 205) and is 
, often as well heard in the mitral area as in the pulmonary area. Sometimes 
the murmur can be recorded in the phonocardiogram before it has been discovered 
by auscultation. Should mitral stenosis accompany auricular septal defect (Lutem- 
bacher’s syndrome), auricular and mid-diastolic murmurs are added (Fig. 206). 

The characteristic systolic murmur of ventricular septal defect which is maximal 
in the fourth intercostal space near the left border of the sternum occupies a 
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declines until it reaches the third heart sound which it also obscures. Thereafter it 
continues as a subdued murmur throughout the remainder of diastole and 
auricular systole (Figs. 209 and 210). 



Fig. 208. — Position of the murmurs (black lines) in relation to the electrocardiogram in 10 
patients with ventricular septal defect and in 10 subjects with an innocent parasternal murmur. 
Numerals denote ages. 
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Fig. 209. — Patent ductus arteriosus. The phonocardiogram shows a continuous murmur lasting 
throughout systole and diastole with intensification in early diastole. 

The reader needs reminding that the heart sounds and murmurs have been described and 
positioned (Fig. 211) in relation to events in the cardiac cycle from phonocardiograms 
recorded by a siring galvanometer to which sounds were conveyed by a glass rod measuring 
46 centimetres from the chest piece to the microphone and amplifying unit. It may well be 
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that records taken by other devices will not be identical in their timing, but they should 
show the same relationship to events in the cardiac cycle portrayed by an accompanying 
electrocard iogram . 


The 

S Line 2 3 



Fig. 211 . — Scheme showing the position of the murmur in relation to the electrocardiogram in 
the different clinical conditions. The horizontal black lines indicate the murmur, and the shaded 
lines represent a sometime variability ofthe murmur. 
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A 

Addison's disease, electrocardiogram in, 67 
Amyl nitrite inhalation, cfTect on T wave, 74 
Anaemia, heart murmur in, 125 
Angina pectoris of effort, electrocardiogram in, 56 

Aorta, coarctation, complicated by aortic incompetence, test electrocardiogram showing, 
86 

electrocardiogram in, 42 
heart murmur la, 126 
Aortic stenosis, electrocardiogram in, 52 
heart murmur in, 12! 
subaortic, electrocardiogram in, 44 
valve, disease of, electrocardiogram in, 51 

incompetence and mural stenosis, with auricular hbnllation, test 
electrocardiogram showing, 79 
electrocardiogram in, 51 
fourth heart sound in, 110 
heart murmur in, 123 
sclerosis, heart murmur in, 122 
Arrhythmia, sinus, electrocardiogram in 14 
Atheroma, coronary, normal electrocardiogram in, 57 
Auricular extrasystole, electiocaidiogram in, 17 

fibrillation, and bundle branch block, test electrocardiogram showing 78 

and left bundle branch block, test electrocardiogram showing, 83 
electrocardiogram m, 29 

from digiUilisattOR. coupling effect in, test electrocardiogram 
showifg, 81 

in aortic incompitence and mitral stenosis, test electrocardiogram 
showing, 79 

test electrocardiogram showing, 91 

m diphthena, 72 

m mitral stenosis, test electrocardiogram showing, 84 
qumidine m, effect of, on electrocardiogram 74 
septum, congenital defect, electrocardiogram in, 44 
triple rhytlun in, 107 
tachycardia, electrocardiogram tn, 24 
in diphtheria, 72 

quinidme in. effect of, on electrocardiogram 74 
Auriculoventnculat block, complete, electrocardiogram m, 34 
heart murmur in, 125 
incomplete, electrocardiogram in, 33 
conduction, delayed fourth heart sound tn, 109 
nodal extrasystole, electrocardiogram m, 18 

Austin Flint murmur, 1 23 
A-V (see Aunculoventncular) 


B 

Blood pressure, high, electrocardiogram in, 59 
heart murmur in. 124 
triple rhythm in, 107 
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Bradycardia, sinus, electrocardiogram in, 8, 14 
in diphtheria, 72 
in myxoedema, 65 
test electrocardiogram showing, 78 
Bundle branch block, delayed first heart sound in, 100 
electrocardiogram in, 37 
in diphtheria, 72 

left, and auricular fibrillation, test electrocardiogram showing, 83 
electrocardiogram in, 38 
test electrocardiogram showing, 83 
prolonged P-R period in, 30 
right, electrocardiogram in, 38 

test electrocardiograms showing, 79, 89 
short P“R period in, 33 
test electrocardiogram showing, 77 

C 

Cardiac infarction (see Heart infarction) 

ischaemia, electrocardiogram in, 56 
Cardiographic leads, I 

Cardiomegaly, familial, triple rhythm in, 109 
Chest leads, indications for, 2 

Coarctation of aorta, complicated by aortic incompetence, test electrocardiogram 

showing, 86 

electrocardiogram in, 42 
heart murmur in, 126 
CR leads (see Chest leads, 2) 


D 

Desoxycorticosterone acetate in Addison’s disease, effect on electrocardiogram, 70 
Deviation of axis, 5-9 

left, 5, 7 
right, 5, 9 

in congenital heart disease, 40 
lest electrocardiogram showing, 77 
Dextrocardia, electrocardiogram in, 41 
Diagnosis, test electrocardiograms for, 74-95 
Diaphragm, elevation, effect of, on electrocardiogram, 72, 74 

DigitalisT auricular fibrillation from, coupling effect in, test electrocardiogram showing, 81 
effects in auricular fibrillation from mitral stenosis and aortic incompetence, 
test electrocardiogram showing, 84 
on electrocardiogram, 74 
Diphtheria, electrocardiogram in, 72 
Ductus arteriosus, patent7 electrocardiogram in, 44 

heart murmur in, 129 


E 

Electrical axis deviation, 6-9 
Electrocardiogram, determination of heart rate in, 3 
interpretation of, 3 
normal appearance, 9 

Electrocardiograms for test diagnosis, 74-91 

key to, 92-95 
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Electrocardiograph), leads, 1 
Electrodes, positions on limbs and chest, 1 
Embolism, pulmonary, electrocardiogram in, 62 
triple rh)’thm in, 109 
Emphysema, electrocardiogram in, 62 
tnple rhythm in, 107 

Endocrine disorders, electrocardiogram in, 65-70 
Extrasystole, electrocardiogram in, 17 

auricular, blocked, electrocardiogram in, 18 
electrocardiogram in, 17 

auriculovcntricular nodal, electrocardiogram in, 18 
in cardiac infarction, test electrocardiograms showing. 78, 82 
scnlricular, electrocardiogram in, 18 


F 

Fallot’s tetralogy, electrocardiogram in, 44 

test electrocardiogram showing, 77 
Fibrillation, auricular, electrocardiogram in, 29 

in aortic incompetence, test electrocardiogram showing, 91 
m diphtheria, 72 
in thyroid toxaemia, 65 

quinidmc in, effect of, on electrocardiogram, 74 
test electrocardiograms showing, 79, 81, 83, 84 
ventricular, electrocardiogram in, 30 
Flutter, auricular, auricular rate in, 24, 25 
electrocardiogram in, 24 
m diphtheria, 72 

qumidine in, effect of, on electrocardiogram, 74 
Friedreich disease, electrocardiogram in, 70 

test electrocardiogram showing 85 


H 

Heart block, auriculoventricular, complete, electrocardiogram in, 34 
heart murmur In, 125 
incomplete, electrocardiogram in, 33 
bundle branch {see Bundle branch block) 
complete, test electrocardiograms showing, 76, 77, 83 
heart murmur in, 125 
in diphtheria, 72 

smo auricular, electrocardiogram in, 1$ 
test electrocardiograms showing, 75, 76 
contraction faulty, eiectrocardiogram''in, 38 
'disease, congenital, electrocardiogram in 
heart murmurs in. 126 
triple rhythm in 107 

failure, left ventricular, fourth heart sound in, 1 10 
right ventricular, third heart sound in, KM 
hypertropn), familial, triple rhythm in, 109 
impulse, faulty conduction of, effect on electrocardiogram, 30 
infarction, and extrasv stoles, test electrocardiograms showing, 78, 82 
anterior, 54 , 
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Heart (cont .) : 

infarction (cont.) : 

differential diagnosis from acute pericarditis, 53 
electrocardiogram in, 21, 52-56 

extrasystoles in, test electrocardiograms showing, 78, 82 
fourth heart sound in, 110 
posterior, 54 

test electrocardiograms showing, 82, 86-88 
triple rhjthm in, 109 

with heart block, test electrocardiogram showing, 75 
ischaemia, electrocardiogram in, 56 
murmurs, 112-132 

diastolic, in aortic incompetence, 123 
in late systole, 115 
mid-diastolic, in mitral stenosis, 120 
mitral, innocent, 113 
organic, 116 
parasternal, 1 1 5 

presystolic, in mitral stenosis, 117 
systolic, in anaemia, 125 

in aortic incompetence, 123 
in aortic stenosis, 121 
in coarctation of aorta, 126 
in hypertension, 124 
in mitral stenosis, 116 
in patent ductus arteriosus, 129 
in pulmonary stenosis, 127 
in ventricular septal defect, 1 28 

pulmonar)^ innocent, diagnosis from pulmonar}^ stenosis, 128 
quadruple rhythm, 112 
rate, in auricular flutter, 24 

in paroxysmal tachycardia, -24 
sound, first, delayed, in bundle branch block, 100 
splitting of, 99 
fourth, 109 
recording of, 97 
second, splitting of, 100 
splitting of, 97, 99, 100 
third, 101 

in health, 103 
triple rhythm, 101 

causes, 102 
in health, 103 

Hypertension, electrocardiogram in, 59 
fourth heart sound in, 110 
heart murmur in, 124 

pulmonar}% primary, electrocardiogram in, 63 
triple rhythm in, 107 

triple rhythm in, 107 


I 

Impulse, cardiac, faulty conduction of, effect on electrocardiogram, 30 
Infarction, cardiac (see Heart infarction) 

Ischaemia, cardiac, electrocardiogram in, 56 
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Leads in electrocardiography, I 
unipolar, 2 
vector, 2 

Lung disease, electrocardiogram in, 62-64 
Lutembachcr’s syndrome, 51 

heart murmur in, 12S 

test electrocardiogram showing, 79 


M 

Mitral murmurs, svstolic, innocent, 113 
organic, 1 1 6 

stenosis, and aortic incompetence, with auricular fibrillation, test elearocardio- 
gram showing, 79 

and auricular septal defect, test electrocardiogram showing, 79 
auricubr fibrillation in, test electrocardiogram showing, 84 
electrocardiogram in 50 
murmurs of, 116 
triple rhythm in, 104 
Murmurs (see Heart munnurs) 

M)otonia atrophica, electrocardiogram in, 70 
Myxocdema, sinus brad)cardm in, 65 


N 

Nervous sj'stcm, central, disorders of, electrocardiogram in, 70 


P 

P wave, deflmtion of, 3 

in auricular fibrillation, 29 
in aunculovenlncular nodal rhythm, 21 
in dextrocardia, 41 
m extra^tole, 1 7 
in mitral stenosis, 50 
in pulmonary embolism, 62 
m sinus bradycardia, 14 
in ventricular escape, 17 

Pacemaker, displaced, test electrocardiogram showing, 80 
Paralysis, periodic, familial, electrocardiogram in 70 
Paramyoclonus muliiplcx, electrocardiogram in, 70 
Parasinus rhythm, test electrocardiogram showing 80 
Pardee sign, 52 

Pericardiris, acute, differential diagnosis from cardiac infarction, 53 
electrocardiogram in, 47 
test electrocardiogram showing, 85 
consinciive, electrocardiogram in, 48 
third heart sound m, 109 

Pericardium, disease of, electrocardiogram in, 45-50 
Phonocardiogram, normal, 98 
Phonocardiography, 97-132 

Pneumonectomy, post-operative auricular fibrillation or tachycardia 63 
Pneumothorax spontaneous, electrocardiographic changes following, 65 
[ 5 ] 



INDEX 


Posture, effect on electrocardiogram, 72 
P~R period in bundle branch block, 37 
in extrasystole, 17 

in incomplete auriculo ventricular block, 34 
in sinus bradycardia* 14 
in sinus tachycardia, 14 
normal appearance of, 10-13 
prolonged, 30 
short, 30 

Pulmonary embolism, electrocardiogram in, 62 
stenosis, electrocardiogram in, 44 
heart murmur in, 127 

right ventricular preponderance in, test electrocardiogram showing, 
80 

valve, atresia, electrocardiogram in, 44 
Pulsus alternans, electrocardiogram in, 38 


Q 

Q wave in cardiac infarction, 54 

in pulmonary embolism, 62 

QRS complex, definition of, 3 

in auriculoventricular nodal rhythm, 21 

in bundle branch block, 38 

in complete auriculoventricular block, 35 

in dextrocardia, 41 

in left axis deviation, 5 

in right axis deviation, 5 

in ventricular extrasystole, 18 

Quinidine, in auricular fibrillation, effect of, on electrocardiogram, 74 
in auricular tachycardia, effect of, on electrocardiogram, 74 

R 

R wave, definition of, 3 

in pulmonary stenosis and atresia, 44 

Rheumatic fever, test electrocardiogram in, 91 

Rhythm, nodal, auriculoventricular, electrocardiogram in, 21 
prolonged P-R period in, 30 
triple, 101 

causes, 102 
in health, 103 

R-T segment in acute pericarditis, 47 
in cardiac infarction, 52 
in dextrocardia, 41 
in diphtheria, 72 
in hypertension, 61 


S 


S wave, definition of, 3 

in pulmonary stenosis and atresia, 44 
Septal defect, ventricular, heart murmur in, 128 
Sino-auricular block, electrocardiogram in, 15 
Sinus arrhythmia, electrocardiogram in, 14 

bradycardia, appearance of electrocardiogram in, 8, 14 

[ 6 ] 



INDEX 


Sinus {coni ) 

bradycardia {eont) 

in diphtheria, 72 
in myxoedema, 65 
test electrocardiogram show mg, 78 
tachycardia, electrocardiogram showing, 14 
m thyroid toxaemia 65 
Stenosis, aortic, electrocardiogram in, 52 

mitral, and auricular septal defect, test electrocardiogram showing, 79 
electrocardiogram in 50 
pulmonary, electrocardiogram in, 44 

test electrocardiogram showing 80 
subaortic, congenital electrocardiogram m, 44 
Stokes Adams disease complicating Friedreich disease, electrocardiogram in 70 
Suprarenal tumour, electrocardiogram in, 70 
Sympathetic nerve, altered action of, effect on electrocardiogram, J4 
Systole, late, addition of a heart sound in, 112 


T 

T wave, definition of, 3 

diphasic, definition of, 3 

effect of amyl nitrite inhalation of, 74 

effect of posture on, 72 

m Addison’s disease, 70 

in aortic \alviilar disease, 51 

in cardiac infarction, 52, 53, 54 

incomplete auriculovcntncular block, 35 

in constrictive pericarditis, 48 

m dextrocardia, 41 

in diphtheria, 72 

in emphysema, 62 

in Friedreich disease, 70 

m hypertension 61 

in mitral stenosis, 51 

in primary pulmonary hypertension, 63 

in pulmonary embolism, 62 

m septal defects, 44 

in thyroid toxaemia, 65 

Tachycardia, auricular, auricular rate in 24, 25 
electrocardiogram in, 24 
m diphtheria^ 72 

quinidme in, effects of, on electrocardiogram, 74 
fourth heart sound in, 1 U 
paroxysmal, auncular rate in, 24, 25 
electrocardiogram in. 24 

(parasinus), test eleclrocardtograms showing. 89 90 
temporary effecis follow mg, test elect rocardiognm showing, i 
sinus, electrocardiogram in, 14 
m thyroid toxaemia, 65 
third heart sound in, U I 
Test electrocardiograms, 74-91 

key to, 92-95 

Tetralogy of Fallot, electrocardiogram in, 44 

test electrocardiogram showing, 77 
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Thyroid toxaemia, arrhythmia in, 65 

electrocardiogram in, 65 
triple rhylhni'in, 107 

Time-marker, 4 
Triple heart rhythm, 101 

causes, 102 
in health, 103 


Unipolar leads, 2 


U 


V 

Vagus nerve, altered action, clTcct on ciccliocardiogram, 14 

Vector leads, 2 

Ventricular escape, electrocardiogram in, 17 

cxtrasystolc, electrocardiogram in, 18 

fibrillation, electrocardiogram in, 30 

septum, congenital defect of, electrocardiogram in, 44 


W 

Wenckebach phenomenon, 34 

Wollf-Parkinson-Whilc syndrome, electrocardiogram in, 33, 37 



